COMPOSITIONS AND METHODS FOR TREATMENT OF NEOPLASTIC DISEASE 
BACKGROUND OF THE INVENTION 



Field of the Invention 

The invention relates generally to immimotherapeutic conqx)sitions and methods for treattog 
tumors and cancer. The methods are based on the expression of superantigen ("SAg") alone or in 
combination with other molecules in transfected host cells (tumor cells> accessory cells or 
lymphocytes). Other therapeutic methods are based on administering T cells which are activated 
by cells engineered to express SAg and other immunostimulatory molecules and structures. 

Description of the Background Art 

Therapy of the neoplastic diseases has largely involved the use of chemother^jeutic agients, 
radiation, and surgeiy. However, results with these measures, while beneficial in some tumors, 
has had only marginal effects in many patients and little or no effect in many others, while 
demonstrating unacceptable toxicity. Hence, there has been a quest for newer modalities to treat 
neoplastic diseases. 

In 1980»tumonddal effects were demonstrated in four of £K« patients with advarioedb^ 
cancer treated with autologous plasma that had been perfused over columns in which 
StaphyloooccalProtein A was chemically attached to a solid sur&oe (JennanetaL,NewEng,J. 
Med, 305: 1 195 (1981)). While the initial d)servations of tumor killmg effects with the 
immcbiiized Protein A perfusion system have been coniirmed, some have obtained inconsistent 
results. 

The e}q9lanationoftheseinoonsistencies appears to be as follows. Firs^ connnerdal Protein A is 
an impure preparation, as evident from polyacrylamide gel electrophoresis and 
radioinmiunoassays that detected Staphylococcal enterotoxiris in the pr^^ Sccomi, 
various methods of inmtobilizing Protein A to solid supports have been used, sometimes resulting 
in loss of biolo^cal activity of the perfusion system. Third, the plasma used for perfusion over 
immobilized Protein A has often been stored and treated in different ways, also resulting in 
occasional inactivation of the system. Moreover, the sub5tance(s) or factors responsible for the 
anti-tumor efifect of this extremely complex perfusion system have not been previously defined. 
The system contained an enormous number of biologic^ly active materials, including the Protein 
A itself^ St^>hylococcal proteases, nucleases, exotoxins, enterotoxins and leukoddin, as well as 
the solid support and ooatirig materials. In addition, several anapl^latoxins were generated in 
plasma after contact with immobilized Protein A Finally, it was speculated that the biological 
activity of the system was due to the removal from the plasma fay the Pixitein A 
immunosuppressive immune complexes that otherwise inhibit the patient's antitumor inunune 
response. 

The Staphylococcal enterotoxins that contaminate the Protein A columns are a family of 
extracellular products of Staphylococcal aureus that belong to a well recognized group of jHOteins 
, that have common physical and chemical properties. The enterotoxins produce a number of 
characteristic efifects in himians and animals, such as emesis, hypotension, fever, chills, and shock 
in priniates and enhancement of gram negative endotoxic lethality in rabbits. AX least some of 
these effects are due to the ability of these proteins to act as extremely potent T cell mitogens. 

S taphyloooocal enterotoxins are representative of a family of molecules known as SAgs which are 
the most powerful T cell mitogens kiK3wrL They are capable of activating 5 to 30% or the total T 
cell pc^Milation con^xired to 0.01% for conventional antigens. Moreover, the enterotoxins elicit 

strong polyclonal proliferation at concentrations 10 -4o\d lower than corwentional T cell mitogens. 
The most pc^t enterotoxin. Staphylococcal enlerotoxin A (SEA), has been shown to stimulate 

DNA synthesis in human T cells at concentrations of as low as 10 to 10 M. Enterotoxin- 
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activated T ceils produce a vaii^ of cytokines, including IFN, various interleukins ami TNF. 
Enteiotoxins stimulate several other odl populations involved in innate and adaptive inuminity 
which also play a major role in anti^tumor immunity. For example, enteiotoxins eng9ge the 
variable region of the TCR chain on exposed fece of the pleated sheet and the sides of the MHC 
class II molecule. 

The SAg is capable of augmenting the TH-1 cytokine response by CEH+ cells r while also 
activating MKT and NK cells. NK ceU cytotoxicity is augmented by EFN produced by SAg 
activated T cells. NKT cells are known to be activated by SAgs. peptides, -galactosylceiamides 
and lipoarabinoinaimans presented on CDl receptors. Evidence points to an invariant lectin like 
recognition unit on the NKT cell chain as a specific ligand for g^lactosylceramide determinants 
on tumor cells. SAgs induce tumor killing in vivo when given alone or conjugated to tumor 
associated antibodies. ITteyarealsoefiTective when employed erwvo to produce tumor sensitize 
T cells for the adoptive therapy of MCA 205/207 tumors. SAg transfected tumor cells have shown 
a capacity to reduce metastatic disease in a murine mammary carcinoma model. 

In addition to th^ common biological activities, the Staphylococcal enterotoxins share common 
phy^ooch^cal properties. They arc heat stable, trypsin resistant, and soluble in water and salt 
solutions. Furthermore, the Staphylococcal enterotoxins have similar sedimentation coefiKcients, 
diffusion constants, partial specific volumes, isoelectric points, and extinction coefficients. The 
Staphylococcal enterotoxins have been divided into five serological types designated SEA, 
Staphylococcal enterotoxin B (SEB), Staj^lococcal enterotoxin C (SEC), Staphylococcal 
enierotoxin D (SED), and Staphylococcal enterotoxin £ (SEE), which exhibit striking structural 
similarities. The enterotoxins are composed of a single polyp^de chain of about 30 kilodaltons 
(kD). All stq)hyloooccal enterotoxins have a characteristic disulfide loop near the middle of the 
molecule. SEA is a flat monomer consisting or 233 amino acid residues divided into two 
domains. Domain I comprises residues 3 1-1 16 and domain II of residues 1 17-233 together with 
the amino tail 1-30. In additioii, the biologically active regions of the proteins are conserved and 
show a high degree of homology. One region of striking amino add sequence homology between 
SEA, SEB, SEC, SED, and SEE is located immediately downstream (toward the carboy 
terminus) from the cysteine located at residue 106 in SEA. This region is thought to be 
responsible for T cell activation. A second homologous region that begins at residue 147 and 
extends downstream is highly conserved. This region is believed to mediate emetic activity. The 
region related to emetic acttvi^ can be omitted from enterotoxins used as therap^tics. 

A sequence analysis of the Staphylococcal enterotoxins with other toxins has revealed SEA, SEB, 
SEC, SED, Staphylococcal toxic shock-associated toxin (TSST-1 also known as SEP), and the 
Streptococcal exotoxins share considerable middc acid and amino add sequence homology. The 
enterotoxins bdong to a common generic grot^ of proteins thought to be evolutionariiy related. 

Enterotoxins bind to MHC Class II molecules and the T cell receptor ("TCR") in a manner quite 
distina from conventional antigjens. Enterotoxins engage the variable region of the TCR b diain 
, on an exposed face of the b pleated sheet and the sides of the MHC Class II molecule, rather than 
engaging the groove ofthe Class II molecule like conventional antigens. In contrast to SEB and 
the SEC, which have only the c^)adty to bind to the MHC class n a chain, SEA, as well as SEE 
and SED, also interacts with the MHC dassnbchaiTLin a zinc dependent manner Tcell 
recognition is based on the presence of the b chain and is th^ore indq)endent of other TCR 
components and diversity dements. Single amino add positions and regions in^rtant for SAg- 
TCR interactions have been defined. Theseresiduesarekxatedinthe vicinity of the shallow 
cavity formed between the two domains. The alanine aibstitution of amino add residue Asn23 in 
SEB has demonstrated the importance of this residue in SEB/TCRinteractioa This particular 
residue is conserved among all ofthe Staphylococcal enterotoxins and may constitute a conunon 
anchor position for enterotoxin interaction with TCR Vb chains. Amino add residues in positions 
60-64 have also been shown to contribute to the TCR interaction as do the cysteine residues 
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fonning the intennolecular disulfide bridge of SEA. For SEC2 and SEC3. the key points of 
interaction in the Vb chain are located in the CDRl, CDR2 and HRV4 TCR Vb-3 chain. Hence, 
multiple and highly variable parts of the Vb chain contribute to the formation of the enterotoxin 
binding site on the TCR- Thus fer, a single and linear consensus nM)tif in the TCR Vb display 
high afifinity interaction with partiailarenterotoxins has not been ide^ Asignificant 
contribution of the TCR a chain in entcrotoxin-TCR recognition is acknowledged as well as MHC 
class n isotypes. This distinctive binding mechanism of^iterotoxins which bypasses the highly 
variable parts of the MHC class II and TCR molecules allows them to activate a high frequency or 
T cells with massive lymphoproliferation, cytokine induction and cytotoxic T cell generation. 
These properties are shared by other proteins made by infectious agents. Tog^er, these proteins 
form a well recognized group known as SAgs. 

Th^ are two general classes of SAgs. The first inchides miiior lymphocyte stimulating (N^ 
antigens. The second dass of SAgs includes mycoplasmal viral, and bacterial p^ 
the Sta|diylococcal enterotoxins. 

Streptococcal exotoxins. All SAgs have the following properties. T cell activation does not 
require antigen processing. There is no MHC restriction of responding T cells. SAgs bind to and 
evoke responses fiom all T cells expressing V rectors, without requiring other TCR or diversity 
elements. CD4-CD8-a/b T cells and g/d T cells are also capable of responding to SAgs. The SAgs 
induce a biochanically distinct T cell activation pathway. Thus, SAgs interact with and activate a 
much larger proportion of T cells than conventional antigens, causing massive 
lymphoptoli&ration, cytotoxic T cell generation, and cytokine secretion. A given S Ag can 
activate up to 30% of resting T cells compared to 0.0 1% for conventional antigens. As highly 
representative members of this fiamily of SAgs, the enterotoxins share these characteristics. 

The present im^ention features the use of SAgs in association with molecules to produce tumor 
killing effects. The SAgs are usefW in peptide form and nwy combine with another pej^de or 
nucleic add to form a coitjugatc. The effect of the combined molecules is synergistic. ITiese 
corijugates are useful when administered as a fseventative or therapeutic antitumor vaccine in 
tumor bearing patients. Alternatively, they rnay be used ear vivo to load an aiitigien presenting cell 
as a means of immunizing a T, NK or NKT cd 1 population for use in adoirtive therapy of cancer. 
Examples of such conjugates are conq^exes between: SAg and glycosylceramide; SAg and 
apolipoprotdns (Lp(a)), SAg and oxyLDL, SAg and vcrotoxins, SAg and GPI^eramide (with 
pbyto^hingosine backbone), SAg and Upopolysaccharide 

and mannan proteoglycan, SAg and muramic add, SAg and phytosphingolipid, SAg and tumor 
peptides. Also intend are SAg and Gal conjugates and glycosylated SAgs. 

The present invention features the use of SAg in association or conjugated to oxidized low density 
lipoproteins (oj^LDL) and apolipoprotdns (e.g., lipoprotein (a) (Lp(a)). Ctoq^LDL and its 
byproducts Hnd to recqjtors on sinusoidal endothelial cdls in the tumor miaodrculation where 
they induce apoptosis, increase levels of tissue iactor and activated thrombin, upregulate achesion 
molecules and produce a prothrombotic state. I4)(a) is densely deposited in tumor 
niicrocirculation and as a competitive inhibitor of plasminogien is prothromt^ Hence, both 
2qx)lipoproteins and oxyLDL not only home to receptors on the tumor microdrculationbut they 
also induce endothelial cell or macrophage s^optosis as well as a prothrombotic state. These local 
effects arc amplified by the presence of the conjugated superantigen which induce a localized T 
cell jjmmiine and inflammatoiy response coUectively resulting in a potent anti-tumor re^xmse. 
The present invention also features the use of the SAg in association or conjugated to verotoxi ns . 
The latter molecules have the cspa^ty to bind to galactosylceramide recqttors on tumor cells and 
induce apoptosis* Hence, the tumor targeting and apoptosis inducing functions of the verotoxin 
are coiQ)led with the T cell immune and infiammatoty re^nse induced by the SAgs to produce a 
potent and wdl localized anti-tumor response. 

Thepresent invention features the use of SAgs in association or conjugated to monoor 
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digalactosylceramides. The latter have been isolated from hiunan kidney, Fany's disease kidney, 
marine sponge Aegelus mauritamus and is expressed in certain bacteria such as Sphingomonas 
paudmobiiis. They have been shown to activate NKT cells and to induce anti-tumor effects in 
VIVO against several Qrpes of tumors. The activation ofNKT cells in the presence of the mono and 
digalactosylceramides af^peais to be IL-12 dq;)endent The biolo^cal activity of the - 
galactosylceramides is observed in both mono and digalactosylceramide forms and is dependent 
upon the presence of an anomeric configuration on the terminal galactose. The lengths of the 
sphin^)sine base and fatty acyl chains of 23 and 1 5 respectiveiy also appear to be optimal for 
production of the anti-tumor effects. SAg is also used in association with j^osphinosine which is 
expressed in Saccharomyces cervevisiae membranes and vesicles. 

SAgs are known to be the most powerful T ceU mitogens known and have been shown to prod^ 
anti-tumor effects in several animal models. The -galactosylceramides are known to be potent 
inducers of NKT cell activation which have been shown to produce an antitumor effect in an IL- 
12 dependent manner. In the present iiiventionSAgs are ooinbined with -galactosylceramides 
biochemically as conjugates and genetically within a cell whidi expresses the newly synthesized 
protein-bound galactosylceramide on the cell suz&ce. The newfy synthesized conjugates in native 
form or expressed in or on the cell produce a synergistic anti-tumor effect due to the activation of 
T cells and NKT cell populations. 

Ftnthennorc, in the present invention the SAg— galactosylceramides are expressed in tumor cells, 
dendritic cells ("DC**) or a hybrid cell made fay fusing a tumor cell and a DC. The use of DCs or 
DC/tumor cell hybrids (DC/tc) to present the SAg- galactosylceramides fusion constructs or 
conjugates provides the optimal oostimulationfor activation of a tumor specific T cell populatioa 
The use of a tumor cell or a DC/tc provides in addition to costimulation, oqsression of the tumor 
antigen itself to activate anti-tumor T and NKT cell clones which are tumor specific. Hence, an 
optimal cell is a DC/tc which expresses SAg and SAg- anomeric galactosylceramides. 

The S Ag-galactosylcerandck conjugates are useful in the present invention. However, there are 
distinct differences and advantages to producing and expressing the S Ag-g^lactosylceramide 
conjugates within a cell. First, final products are quite different. One involves the enterotoxin— 
galactosyloeramiite in free form whereas the other involves cell associated enterotoxin- 
galactosylo^amide which inchides enterotoxin imcleic adds and peptide. In the cell both 
enterotoxins and -galactosylceramides are associated with numerous intracellular and membrane 
structures such as MHC, costinnilatory and adhesion molecules, heat shock proteins, membrane 
glycolipids and glycosphingolipids which may improve inununogenicity and antigen presentation. 
They may also be transported in various vesicles and exosomcs which may provide additional 
ismnmogenicity. With the addition of appropriate signals sequences and association with 
molecules involved in the antigen presenting pathways such as the invariant chain, TAP and 
LAMP molecules, the conjugates may be routed in the cell to the MHC class I, dass U or CD 1 
receptor. Therefore, enterotoxin and -galactosylcerarnidcspixxiuced within a ceU is pre 
the host's imnrnne system in an entirely different form oon^iared to the purified enterotoxin 
, polypeptide. 

Unlike fi:ee enterotoxin polypeptide or -galactosylceramide^ SAg transfected tumor cells, DCs or 
DC/tc present enterotoxins to the T cell system in association and or conjugated to tumor 
assodated antigens iridiiding mutated normal structures or fusion St costimulatory and 

adhesion molecules.. Indeed, the coadnmnstration of SAg with tumor antigen would be e?q)ected 
to produce a heightened response to the turner anti gens while preventing the clonal deletion which 
occurs with SAg alone, Liu et al, Proc. Natl. Acad. Sd., 88: 8705-8709, (1991); McCormadc et 
al, Proc. Natl. Acad Set, 91: 2086-2090, (1994); Coppola et ai., Int ImmunoL, 9: 1393-403, 
(1997). Hence, tte coadministration of SAg-galactosy^ceramide and tumor associated antigens 
would iruluce a predictably heightened tumor specific respotise by the hos^ This prediction was 
borne out by the Applicant's work showing that SAg transfection of tumor cells abolished the 
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tumorigenicity of 4T1 mammazy caicmoma cells, significantly leduoed the niunber of established 
metastases and prolonged survival compared to untreated controls. (Pulaski, Tennan, et al,^ 
American Association of Gmcer Research, .^>ril 1999 and submitted to Proc. NatLAcad. Sci, 
1999). 

SAg transfected tumor cells //7 vivo are effective in an additional manner which does not 2Bpj^ to 
SAg polypeptide. Ingestion of apoptotic cells by DCs augments the inununogenicity of tumor 
cells. Fields et al, Proc, NaU. Acad Sd., 95: 9882-9887, (1998); Albert ei ai. Nature. 392: 86-89, 
(1998). DCs are acknowledged as the premier accessoiy cell for antigen presentation. They have 
been shown to ingest apoptotic cells and nucleic adds and process them for presentation to host T 
cells in the context of costimulation, adhesion and MHC molecules. Akbaii et aL, J. Exp. Med., 
189: 169-177, (1999). Therefore, following apoptosis of SAg transfected tumor cells and 
ingestion by DCs, SAg-encoding nucleic add as well as tumor assodated nuddc adds in the 
transfected cells would produce additional anti-tumor responses. Purified polypqitide 
enterotoxins do not share with the SAg transfectants this property of enhanced immunogenidty 
following ingestion and processing by DCs. 

There are enormous structural and functional differences between the polypeptide enterotoxin and 
SAg-transfected tumor cells. The starting materials are different Le. peptides vs nucldc adds and 
the product is different i.e. polypeptide vs enterc^oxin transfected cell in which the SAg is may 
exist in nuddc add and pq}tide form assodated with a vast number of inlmcellul^ 
membrane struaures. Some of these structures m^ actually improve the T cell activating 
lEunction of SAgs such as deo^Qnribonucldc adds, ribonucldc adds, tumor assodated antigens, 
heat shock proteins^ oostimulatoiy molecules and adhesion molecules atidendosomes. Cellular 
SAg pqHides or nucleotides exist in association with tumor associated antigens, costinmlants, 
adhesion molecules, heat shock proteins and MHC molecules, GPI-ceramides or SAg recq)tor5 
(digalactosyloeramides) which in^trove the immunogenidty of the tumor antigens. Therefore, 
these structural and functional difieiences between the polypeptide SAg and the enterotoxin 
transfected tumor cells clearly show that SAg transfected tumor cdls have a far greater potential 
than the polypeptide to induce a tumor specific response. 

Moreover, SAg transfected tumor cells possess an additional uniqueproperty not shared by the 
polypeptide SAg SAg-transfected tumor cells display the metastatic phenotype of the tumor cdls 
which enables them to colonize and traffic to metastatic sites in vivo. Once localized to 
micrometastatic sites the transfectants expressing SAg induce a potent tumor specific T cell 
response. Incontrast, the purified polypqjtide SAg unassodated with a tunu)rceU would ha^ 
c^sadty whatsoever to colonize metastatic sites. 

The present invention also provides SAg-encoding nucldc add, preferably DNA, fiised with (or 
cotransfected with) a nuddc acid encoding anoth^ molecule. The transfected cells indude 
tumor cells, accessory cells e.g.^ DCs, tumor cell/accessoiy cell (e.g., DC) hybrids. The expression 
of molecules in addition to enterotoxins by these cells serves the following fimctions: 

1) enhance the immunogenidty of the SAg transfected cdl by providing nuddc adds encoding an 
additional potent immunogen. Examples would include tumor assodated antigens or mutated 
normal antigen or fusion pe^Hides in tumor cells, an immunogenic bacterial product such as 
StaplQrlococca] adhesin protein A, LPS, b-glucans, and peptidoglycans, costimulatory and 
adhesion molecules, heat shock protein, growth &ctor receptors such as Her/n^ and tumor 
markers such as PS A. 

2) assist in tumor kiUiiig activity by the SAg tran^ixtedceU when localized to t^^ 
providing nucldc acids encoding tl^ following: angiogenesis anlagpnists, chemoattractants such 
as C5a, chentokines such as RANTES, hyaiuronidase and ooagulase and CD44 isoforms. 

3) increase the biTKlingofimmuriogenic substances to the sur^ of the SAg trarisfectedceU 
providing nuddc adds encoding the following: CDl receptors, CD14 recqitors, SAg receptors 

4) increase the producdon of SAg in the SAg transfected cell by providing nuddc adds encoding 
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the following: cell cycle protdns^ amplified oncogenes, and signal transduction molecules. 

5) assist in tiafficMDg of SAg to class lor dass II pathway in the SAgtianrf^ 

providing nudeic add encoding the following: the invariant chain, the LAMPl proteins and TAP 
proteins. 

6) induction of a local tumonddal response by intiatumoral injection of nudeic adds encoding 
the following: o^LDL receptor and SAg recqytor, chemoattractants, chemokines. 

The present invention also provides for augmented tumoxiddal responses by immmiOQtes 
particularly T, NK, and NKT cells. Inhibitory receptors or their tyrosine-based inhibitory motifs 
on T, NK, and NKT cells with spedfid^ for lipid-based tumor associated antigens (LBTAAs) are 
ddeted or functionally deactivated (antisense or gene knockout) which permits unopposed 
intaoellular signaling by the activation receptors and enhanced responsiveness to LBTAAs and 
their respective tumors of origia Inhibition of inhibitory receptor phosphoiylases (SHP or SHIP) 
and/or ITIM binding sites on activation receptors (TTAM) is also contempl^ed as a means of 
augmenting the host response to LBTAAs. 

SUMMARY OF THE INVENTION 
The present invention comprises a method for treating cancer in a host comprising providing 
cotijugates, fusion proteins or naked nudeic adds of superantigen and additonal molecule(s) 
which produce an tumoriddal response. The addtional molecule serves the following functions: 
1) to target a receptor (digalactosylceiamide) expressed on tumor cells in vivo and induce tumor 
cell ^)optosise.g.,SAg-verotoxin conjugates. 2) to target receptors expressed on tumor sinusoidal 
endothelium, induce apoptosis and a prothrombotic state e.g. SAg-o?^LDL conjugates and SAg- 
Lp(a) conjugates 3) to activate a dormant population of tumoriddal NKT cells e.g. SAg- 
digalactosylceramides, SAg-GPI-digalactosylceramide (pbytosf^ingosine) complexes. 4) target 
receptors for integrins e?q3ressed on tumor microvasculature e.g., SAg-RGD conjugates. 5) naked 
DNA administered intratomorally induces tumor cell expresson in vivo of recqAors for ligands 
which produce apoptosis and inflammation e.g, naked DNA SAg-ojg^LDL receptor, SAg-LOX-1 
receptor, S Ag-SREC receptor. . 

Sickled erythrocytes are useful in the present invention since they have natural ligands for 
i ntegrins expressed on tumor neovasculature which facilitates their targeting to the tumor 
endothelium. Sidded erythrocyte nienibranes acquire OTQ^iJDLusiiigfusig^ 
oxyLDL containing liposomes and apcqnoteins via gene transfection in the nudeated pre- 
reticulocyte phase. Tte oxyU)L and apoproteins expressed fay the sidded cells fiunli^ 
targeting to oxyLDL, LOX-i and SREC recej^rs present on the tumor microvasculature. Tliese 
erythrocytes are also useful for carrying nuddc adds for transfection of the tumor endothelial 
cells in vivo. Vesicles derived fo>m sickled erythrocytes are more rigid, prothrombotic and target 
the tumor microvascularture more efifectrvdy than the pareiit cell. They also cany oxyLDL to 
receptors on tumor endothelima Ukewise, vesicles, exosomes or SAg-<IPI-digalctosylceramides 
shed fiom fiom SAg transfected tumor cells are capable of indudng potent tumoriddal re^nses 
and are useful in the present inventioa 

In addition, bacterial and yeast expression and phage display systems are useful for the 
presentation of SAg in association with other antitumor molecules. The yeast ^ec mutant or yeast 
display is used to produce a S Ag-ceramide conjugate exhibiting a phytosphlngosine in the 
^shingosine portion of the ceramide. This structure activates both T odl, NK cell and NKT cdls. 
Sphingomonas paucimobilis ^^di naturally esqsresses a-galactosyioeramide is transfected with 
SAg nucldc acids whidi results in the shedding of SAg-^-galactosylceramide complexes which 
are use to produce a pcq)u]ation of tumoricialT cells, NK cells and NKT ceils. SAgphage 
displays with tumor localizing molecules e.g. RGD sequences are used to target S Ags to tumor 
microvasulatuTB. SAg phage displ^ with similar turnor localiziiig nu>lecules oonqyrising tumor 
or tumor endothelial cell apoptosis indudng agents e.g., thrombospondin or oxyLDL are use to 
increase the tumoriddal response. 
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The present invention con^srises a method for treating cancer in a host comprising providing ceils 
transfected with a gene that express and/or seci^ a S Ag or T cells activated by the transfected 
cells to the host The cells are transfected i/tv/vo or mv/7ro. SAgs may activate T cells or NKT 
cells in the host These same tiansfectants may be used to stimulate a population of T cells or 
NKT cells ex vivo v/inch are provided to the host as tumor specific ef^or cells in adoptive 
inrniunotherapy. The transfected cells may be» for example, tumor cells accessory cells, DCs 
muscle cells, immunocytes, fibroblasts. When transfected in vitro the cells can be xenogeneic to 
the host, from the same species as the host or host cells. 

For in vivo immimization, tumor cells are transfected with nucleic acids encoding SAgs tog^her 
with a carbohydrate modifying enzyme such as galacto^l transferase to produce the Gal epitope. 
Staphylococcal l^uronidase, Strq^ococcal capsular polysaccharide, Staphylococcal 
erythrogenic toxin. Staphylococcal Protein A, Staphylococcal b hemolysin. Staphylococcal 
co^ulase, costiniulants such as B7-1 and B7.2, chemoattractants and chemokines. SAgs are also 
cotransfected into tumor cells with gene clusters encoding the biosynthesis of highly immunogenic 
microbial Lipid A, membrane or capsular polysaccharides, lipoproteins and pepti(k>glycaris. 
Nucldc ad(b are useful when trarisfected alone. However combinations are preferred The 
cotransfection into tumor cells of the SAg-encoding nucleic acid together ynth the nucleic acids 
encoding Gal or GalCer biosynthesis is particularly useful. The cotransfection into tumor cells of 
the nuddc add encoding SAg with nuddc adds encoding Staphylococcal erythrogenic toxins 
and hyaluronidase allows the transfected tumor cells to simulate the in vivo inflammatory activity 
of a Staphylococcus or leukocyte or macroi^ge by secreting enzymes and toxins which induce a 
sterile cellulitis in tumor sites. 

Further provided are tumor cells transfected with nuddc add encoding structures such as the 
erb/Neu gene which iqx>n administration to the host promotes tumor cell traffiddng and 
colonization of micrometastatic sites. Anq^ed oncogenes linked to SAg micldc adds provide 
the locus and energy for expression or overeT^Kession of both gene products. Thus, provided 
herein are tumor cells trar^ected mth SAg-encoding nucleic add together with nuddc add 
erKxxling other oncogenes, an^>lified onco^es and transcription fectors, angiogenic ^ors such 
as angjostatin, angiogenesis recqitors such as VEGF, tumor growth factors, tumor sq^iressors, 
ceUcydeproteiris arid key pioteiris engaged in the antigen routing arid processing path\^ In 
one cxan^>le, the microbial SAg and erM>feu nucleic adds are cotransfected into tumor cells. 
These nucleic adds may also linked to an indudble gene such as that encoding metallothionein or 
corticosteroid receptors. In this way, the cells are activated fay exogenous delivery of 
corticosteroids or a heavy metal onfy after a suitable period of time has lapsed to allow them to 
localize in metastatic sites in vivo 

Tumor cdl transfectants are also useful ex vivo to immunize a T cdl or NKT cdl population 
produdng tumor specific efiector cell population for adoptive inununotherapy of cancer. These 
immunizing tumor cells are transfected with nucleic adds encoding SAgs arid the SAg recqrtor. 
, The latter transfectants are capable of binding exogenous SAg for presentation to a T cell 
populatiort In additiori, tumor cells are transfected with nucldc adds enoodirigCDl receptors 
which are capable of binding exogenous glyoosylceramides and lipoaralnnans £ree or bound to 
SAgs for presentations to Tor NKT cells. Similar^, tumor cells are transfected with nuddc adds 
encoding the CD 14 receptor which bind exogenous peptidoglycans and LPS*s, free or bound to 
SAgs for presentation to T cdls. 

Likewise, the nuddc adds encoding the mannose receptor are transfected into tumor cells which 
are capable ofbinding a broad range ofgl^oosylated SAgs for presentation to T cells. Thepresent 
invention provides detailed mettiods for preparation of the SAg-glyoosi^oeramide, SAg4.PS, 
SAg-p^dog}ycan complexes as well as glycosylated SAgs which are loaded onto thdr 
reflective receptors expressed on tumor cells, accessory cdls and, in some instances, 
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immunocytes. For ex vivo use, any prokaiyotic or eukaiyotic cell may be used which is 
transfectal^e with nucleic acid encoding SAg$ to provide sui&ce expression of the SAg or 
constructs expressed on tumor, accessory ceU or immuBO(^transfectants. When the transfected 
cells are not host tumor cells, the cells acUitionally express a tumor associated antigen e?q)ected to 
be present on the host's cancer cells. 

Also provided is a tumor specific T cell, NK or NKT ceil (collectively imrmmocyte) pojnilation 
which is activated by SAgs, S Ags conjugates given above or the tumor ceil transfectants given 
above to produce a population of tumor specific effector cells useful in adoptive immunotherapy. 
A particularly effective method of producing a hyperresponsive immunocyte population is to 
delete (e.g. g^ne knockout) or inactivate (e.g. antisense) receptors on immunocytes or their 
respective inmiune receptor tyrosine-based inhibitory motifs (ITIMS} which inhibit cellular 
activation by receptors specific for lipid-based tumor associated (LBTAAs) and/or superantigens. 
After exposure to LBTAAs and/or superantigens, the immunocyte activation receptor response is 
imopposed by an inhitntory signal in which case inununocytes readily differentiate into tumor 
specific effector cells which are highly reactive even to weak LBTAAs. 

After ex vivo stimulation, the T cells or NKT cells used for adoptive immunother^ should 
preferentially express CD44 which indicates that they are capable of traffiddng and homing to 
tumor sites. Additionally, the T cell population used for ex vivo immunization is engineered to 
overexpress the TCR variable Vb and invariant Va sites specific for SAg and glycosylceramide 
binding respectively and to produce IFN by exogenous delivery of corticosteroids or a heavy 
metal A particularly useftil popilation of therapeutic tumor specific efifector T cells or NKT cells 
which demonstrates overexpressed CB44 together with Vb variable and Va invariant regions and 
high IFN production. Also provided are methods for reactivating anergic T cells in cancer patients 
by transfecting nucleic adds encoding the SAg receptors to produce a T cell pc^xdation which 
may now be stimulated with exogenous SAgs. 

Compositions which mimic SAgs are used in place of native SAgs for in vivo administration in 
order to circumvent the problem of naturally occurring SAg-specific antibodies. The SAg mimics 
are largjcly comprised of micleotides or oligonucleotide^ptide chimeric constructs which are 
specific for tumor cells expressing SAg receptors (via the nucleotide) while retaining their SAg 
specificity for the TCR (via the peptide). The dass n binding ate of the SAg may optionally be 
eliminated or mutated to minimize SAg peptide binding to MHC class n recei^rs in vivo. The 
molecule may be composed entirely of nucleotides for which there are no naturally occurring 
antibodies. In addition, carriers are provided for in vivo transfection of tumors by nudeic adds 
encoding SAgs or other nucldc add constructs given in Table L Ebuige diqjlayed tumor 
neovasculature ligands may also cany nucleic adds encoding SAgs or other constructs. 

The constructs and method arc used to treat any solid tumor such as cardnoma, melanoma and 
sarcoma or cancer of hem<^ietic origin, such as lymphomas and leukemias which may or may 
not form solid tum<M:s. 

Unless otherwise defined, all technical and sdentific terms used herein have the same meaning as 
ccmriK>rilyuiiderstoodbyoneof ordinary skiU in the art of this invention. Although methods and 
materials similar or equivalent to those described herein can be used in the practice or testing of 
the present invention, suitable methods and materials are described below. All publications, 
patent applications, patents, and other references mentioned herein are incorporated by refereitoe 
in thdr entir^. In case of confiict, the present specification, induding definitions, will control. 
In addition, the materials, methods, and examples are illustrative only and not intended to be 
limiting. Other features and advaritages of the invention will be qjparent fix^ 
detailed description and &om the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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Figure 1. Schemtic diagram ofthe cloning oftheSEB gene into the pEIb^prl-neove^ The 
coding region of the SEB gene was amplified with PCR primers. The upstream primer (SEBl) 
has a Sail site at its 5*end and the downstream primer (SEB2), aBamHIsite. Both the pHb^irl- 
neo vector and the amplified SEB insert were (Ugested with Sail and BamHI, ligated ami 
transformed into XL l-Blue coii:q)etent cells. The final construct was verified by restriction 
enzyme and sequence analyses. 

Figure 2, Cloning of the SEB gene into the piHb-AprI neo vector. Clones 1-5 contained the SEB 
insert (coding region 801 bp) and the pHb-Aprl neo vector (10 1*). All DNA was digested with 
Sail and BamHI and electrophoresed on a 1% agarose gel in IX TAE tofifer. 
Figure 3. Alignment of the published SEB coding sequence and the newly constructed SEB gene 
in pHb-AprI neo vector (Clone #2). Qone #2 was sequenced with 4 primers: SEBl, 2, 3, and 4. 
SEBl and 2 are the PCR primers that were used for the amplification of the SEB gene. SEB 3 
(TATG AAAGnTTGTATGATGAT) and SEB 4 (AGTGACGACriTAGGTAATCr) are internal 
primers. The final sequence was confirmed by the multiple overlapping of sequences and aligned 
with the published SEB sequence. It is a perfect match. The start codon (ATG) and the stop 
codon (TG A) are underlined The upstream and the downstream sequences are the human b-actin 
promoter and the S V40 polyA sequences in the pHb-Apr 1 neo vector with the addition of Sail and 
BamHI restriction enzyme sites. 



TABLE I 

Therapeutic Constructs And Preferred Conditions Of Use 
I. CELLS: Tumor Cells, DCs or DC/Tumor Cell Hybrids (DC/tc) 
USE: In vivo and Ex vivo 

PURPOSE 

A. In Vivo Preventative or Therapeutic Vaccine (Established Tumor) 

Accomplish by transfecting or co-transfecting with nucleic add encoding superantigen 
plus one or more of the following: 



1. 


Superantigens 


2. 


Enzyme that modifies carbohydrate to induce Gal or GalCer epitope CTcpression 


3. 


Functional byaluronidase fix>m microl»al or human sources 


4. 


Staphylococcal or streptococcal eiythrogenic toxin 


5. 


St^diylocoocal protein a or a domain thereof 


6. 


Sl^lQrlococcal hemolysin and fimctional mioobial toxins 


7. 


Functional microbial or human coagulase 


8. 


Costimulatoiy protein 


9. 


Chemoattractants 


10. 


Chemokines 


11. 


Nucleic adds encoding biosynthesis of lipopolysaccharides 


12. 


Nucldc adcb encoding biosynthesis of glycosylceramides 


13. 


Nucleic adds encoding biosynthesis of microbial membrane or capsular 




lipoprotdns and polysaccharides 


14. 


Chicogenes, amplified oncogenes and transcription factors 


15. 


Angiogenic factors and receptors 


16. 


Tumor growth &ctor receptors 


17, 


Tumor suppressor receptors 


18. 


Cell cycle proteins 


19. 


Heat-shock proteins, ATPases and G proteins 


20. 


Proteins engaged in antigen processing, sorting and intracellular traffiddng 


21. 


Inducible nitric oxide synthase (iNOS) 


22. 


apolipoim>teins (e^. Lp(a)) transfected into tumor cells & sidded 




erythrocytes used for targeting tumor microvasculature 


23. 


LDL and o?^LDL receptors (e.g., SCEP receptor) transfected into tumor 



cells and sidded erythrocytes & used for targeting to tumor microvasculature 
B. Ex Vivo Immunization of T and/or NKT cells to Produce Tumor Specific Effector Cells 
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(for Adoptive Immunotherapy)* 

Accomplish by (i) transfiecting or oo-transfecting tumor or accessory cells with micleic 
acid encoding the following, or (ii) providing immobilized molecules or receptors that 
present the following: 

1. Siiperantigen 

2. SuperantigenrecqTtor and transcription &ctor with bound superantigen 

3 . CDl receptor binding and/or expressing aiperantigen-glycosyl ceramide 
complex 

4. CD14 leceptor binding or expressing superantigen-lipopolysaccharide or 
superantigen-p^dogtycan complex 

5. Mannosc rector binding glycosylated superantigen 

6. Glycophorin receptor 

7. Superantig^-tumor peptide(s) complex on MHC or CDl-bearing APC in 
soluble or immobilized form 

Therapeutic Molecules or Complex Applied to Transfected or Untransfected Tumor cells 
or Accessory Cells; or MHC class I class II CDI, Superantigen receptor or CDI4 
receptor: 

1. Superantigen (wherein cell may express Gal) 

2. Glycosylated superantigen 

3. Siq^erantigen complex with 
a glycosyl ceramide 

b. lipopotysaccharide 

c. p^doglycan 

d marman proteoglycan 
e. nmramicadd 
£ tumor peptide 

g. glycosylceramides with terminal Gal(al-4)Gal 
e.g. globotriosylceiamide and galabiosylceramide 

h. Conjugates of SAg-(Gb2 or Gb3 or Gb4) 

i. Conjugates of SAg -(Gh2 or Gb3 or Gb4)-CD1 

j. GPI anchored conjugates: SAg-GPI-(Ga)2 or Gb3 or Gb4) 
1. GPI anchcMred conjugates: SAg-GPI-(Gb2 or Gb3 or Gb4)-CD1 
nt Conjugates of SAg polypeptide or nucleic add with Verotoxin 
n. Conjugates of SAg Polypeptide or nucleic add with Verotoxin A or B 
subunit 

0. Conjugates of SAg polypqrtide or rnicldc add with IFNa receptor pq^des 

homologous to verotoxin 
p. Conjugates of SAg polypeptide or nuddc add with CD 1 9 peptides 

homologous to verotoxin 
q. Conjugates of SAg polypeptide or rmddc add with Arg-Gly-Asp or Asn- 

Gly-Arg 

r. Conjugates of SAg polypeptide or nucldc add with LDL,VLDL, HDL 
& Gmjag3tes of SAg polypeptide c^imdeic add with Apolipop^ 
Lp(a), apoB-lOO, apoB-48, apoE) 

t. Conjugates of SAg polypq^de or nucldc add with oxyLDL, oxyLDL 
mimics^ (e.g., 7b-hydroperoxycholesierol, Tb-hydrojg^cholesterol, 7- 
ketocholesterol, Sa-da-epoxycholesterol, 7b-hydropero?qr-chole&-5-en-3bol, 4- 
Itydroxynonenal (4.HNE), 9.H0DE, 13-HODE and cholesterol-9-HODE) 
u. Corijugates of SAg polypeptide or nucldc add with oxyLDL byproducts 
(e.g. lysoledthin, fysq>hosphatid|ylcholine» malondialdel^de, 4- 
hydroxynonenal) 

v. LDL&ojtyLDLr©cqrtors(e.g.,LDLo5^IJ3Uacetyl"LDL,VLDULR^ 
CD36, SREC, LOX-1, macrophagp scavaiger receptors) as polypeptide or 
nuddc add alone or with SAg polypeptide or rmcldc add intratumorally 
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phytosphingosine, -GPI-phytosphinosine, - 

tumor associated lipid antigens glyoolipid, MBipid, glycosphingolipid, 
sphingolipid with inositolphosphate -containing head groups, 
phytoglycolipids, mycoglyoolipids. -GPI-sphingosines or lipids y. 
sphingolipids with inositolphosphate-oontaining head groups having the 
general structure: ceramide-P-myoinositol-X with X referring to polar 
substituents comprising cejami<te-p-inositol-mannose, inositol-l-P- 
(6)mannose(al,2inositol-lP-(l) ceramide, (inositol-P)2-ccraniide, inositol- 
P-ittositol-P-cerami<te, inositol-P-inositol-P-ceramide. 
y. tumor associated glycan antigens consisting of peptidogjycans or gjycan 
phosphotidjyinositol (CHPI) structures. 

CELLS: Specialized Tumor Spaafic Efifector Cells (T and/or MKT Cells) 

USE: Adoptive Immunotherapy In Vivo 

PURPOSE: 

A. CD44 Expression on T cells or MKT 

Accomplished by: (i) Superantigen stimulation; and/or (ii) transfection with nucleic add 
encoding CD44 and/or (iii) transfection with nucleic add encoding glycosyltransferase 

B. Chimeric TCR with: 

Invariant a chain site for binding GalCer and 
Vb chain site for binding superantigen 

C. Dual TCR Vb chains with sites for aiperantigenbindmg 

D. T cells or NKT cells with ovcrexpiessed Vb region specific for a given superantigen 

E. T cells or NKTcdls with lowered signal transduction threshold 
MOLECULES: Superantigen mimics 

USE: In Hvo Administration 

A. Superantigen receptor-binding oligonucleotide 

B. Superantigen oligonudeotide-peptide coi^ugate 

Oli^ nucleotide is specific for superantigen receptor on tumor cells 
Peptide has deleted Class n binding site and intact TCR binding Site 

C. Phage displayed int^rin ligand on tumor neovasculature * carrier for superantigen- 
enooding nuddc add. 

CARRIERS: for nucleic add encoding superantigen 
USE Transection of Tumors In vivo 

A. Sidded erythrocytes that target tumor neovasculature 

B. Phage displayed tumor neovascular integcin and superantigen receptor carrying 
superantigen micldc adds 

CARRIERS: constructed to co-express si^)erantigBn conjugates or complexes with: 
Glycosylceramide 
aGal 

Lipopolysaccharides 
Peptidogjiycans 

USE Transfertion of Tumor Cells and/or DCs and/or DC/tc's - in vivo or ervfvo. 
A. Liposomes 
6. Proteosomes 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention pixyvides methods arid materials for treatiiig caiu:er re^^ 
or nucldc add conjugates or fusions comprising S Ag with other molecules that synergLzc or 
cooperate with SAg in the induction of an anti-tumor response. The present invention also 
provides materials and methods far treating cancer related to transfection of ceils with nucldc add 
that encode a SAg and/or anotho-pot^rpeptide. Thecellscanbetransfected//f vivoorinvi/!m. 
The e^qpression of the S Ag polypeptide activates host imnnmocytes, such as T or NKT cells. 

As used in this ai^ication, T cells are defined as any class of lymphocytes that undergo 



11 



mturation and differentiation in the thymus. They include, but are not limited to NK cells, NKT 
cdls and /T cells and may be known as cytotoxic, helper or suH)ressorT cells rtheymaybe 
defined by the expsression or type of CD or TCR present The same transfected nucleic add 
molecule, or a separate nucleic acid molecule, can also encode another polypeptide such as an 
adhesion molecule, gjyoosyltransferase, glycosidase, CD44, cytokine, tumor associated antigen, 
costimulatoiy molecule, and the like. In addition, cells transfected in vitro or ex vivo with any of 
these nucleic adds as well as T cells activated by these transfected cells are administ^ed directly 
to a cancer-bearing host. Cells transfected in vitro or ex vivo as well as cells activated ex vivo may 
additionally express a tumor assodated antigen expected to be present on host cancer cells. 
Further, cells transfected with nucldc add that encodes a S Ag polypeptide is also be used as a 
vaccine to immunize a host against a cancer previously present in the host or a cancer that i^ 
to develop in the host For example, a host can be vaccinated against a particular cancer by 
administering tumor cells transfbcted with nucleic add encoding a SAg. Alternatively, a SAg 
transfected ceU is used to activate a host T cell population //I wTra This activated T cell 
population is then administered to a host as a cancer treatment (immunotherapeutic agent). Once 
activated ex vivo or in vivo^ these T cells are expanded with cytokine treatment such as IL-2 
treatment. 

Cells to be "transfected** indude accessory cells, immunopytes, fibroblasts, or tumor cells. 
Accessory cells may include, without limitation, endothelial cells, DCs, monocytes, macrophages 
as well as B and T lynq[)hocytes which can play an "accessory" as well as direct effector role in an 
immune response. When transfected in vitro, the cells can be xenogendc, allogeneic to the host to 
provide, among other things, additional immunogenidty. Preferably, the transfected cells that are 
administered to a host, preferably a human, are syngeneic or autologous (or autochthonous). 

Cells transfected with nuddc add encoding a SAg may also wptess a tumor assodated antigen 
that is potentially present on host cartcer cells. For exan^ile, nucldc add encoding a known tumor 
antigen are transfected into the S Ag-containing cell, or a tumor cell that endogenously contains 
nmy different tumor antigens are transfected with SAg-encoding nucldc add. In the latter case, 
additional nuddc adds encoding other polypeptides are transfected into the tumor cell. For 
example, nuddc add encoding a caibo^drate modifying enzyme such as al,3- 
galactosyltransferase, adhesion molecule, costimulatoiy molecule such as B7-1 and B7-2, MHC 
class I molecde and/or MHC dass U molecule are cotiaiisfected into tumor cell^ 
nucldc add encoding a SAg. 

SAg-enooding nucldc add can encode a mutant, variant, and/or modified form of a SAg. These 
forms can be used to transfect T cells, alone or in combination with wild-type SAg-encoding add. 

In addition, tumor cell s are provided with the capadty to colonize sites of metastases and the 
ability to locally hydrolyze surrounding tumor ground substance and neovasculature by 
transfection of ksy bact^ial Stq^lococcal and Streptococcal enzymes, toxins and capsular 
polysaccharides which confer upon the tumor cell additional tumor killing properties and 
immunogenidty. The transfected genes include stapl^rloooccal l^uronidase (tissue spreading 
&ctor), Stapfayloooocal eiythrogenic toxin and Strqytococcal capsiilar polysaccharide. The tumor 
cell may tlms be c^saUe of mimicking the tissue invasive and destructive properties of the 
Streptococcic and Stai^ylococcus as they produce a sterile cellulitis localized to tumor sites. 

These methods are used to treat aity solid tumor such as cardnoma, melanoma, and sarcoma, or 
cancers of heriiat<^x>ietic origin such as l^ikeiiiia and ]yn:^)hoinas. This irwention also provides 
for T cells or NKT cells including g^dT cells which after activation by S Ags in native or mutant 
form or transfected into tumor cells e^qjress surface phenotypes which enhance their ability to 
trafBc efi&dentfy to tumor sites in vivo. Such phenotypes include CD44 and/or sdectcve Vb 
expressioiL In respoiise to these SAg stimulants, the T cells produce THl cytokines aiid, in 
particular, IFNg and IL-2. 
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Further, provided are methods of ofverooming the T cell unresponsiveness of cancer patirats by 
tiansfection of T cells firom tumor bearing host with the nucleic adds encoding the SAg receptor 
thus enabling these cells to be reactivated by exogenous SAg and used for adoptive 
immimntherapy in the Same canccr patient. Provided herein are SAg oligonucleoti<te and 
oligonucleotide-pq>tide con^sitions capable of targeting and delivering S Ags to tumor sites in 
vivo without elimination by circulating naturally occurring SAg specific antibodies prevalent in 
the human cancer patients. Provided also are con^wsitions and methods for delivery of 
therapeutic imcleic add constructs to tumor sites in vivo using ther^)eutic genes carried by 
eiythn)cytcs from patients with sidde cell anemia which have the unique capability of adhering to 
sites on tumor neovasculature. 

1. Canccr 

This invention is used to treat any type of cancer in a host at aity stage of the disease. More 
particularly, the cancer is a solid tumor such as a carcinoma, melanoma, or sarcoma. This 
invention is used to treat cancers of hemopoietic origin such as leukemia or lymphoma, that 
involve solid tumors. A host is any aniinal that develops caiicer and has an immune system such 
as mainmak Thus, humans are conskfered hosts within the scope of the inventiort 
Since the invention provides SAg-transfccted cells as a vaccine, a cancer is one that a host is likely 
to develop based on &mily history or other criteria. In this case, the host is one that is susceptible 
to cancer. 

2. Nucleic Add 

The term nucleic add as used herdnenconqpasses both RNA and DNA, including cDN A, 
g^rnicDNA, arid synthetic (e.g., chemically synthesized) DNA. The nuddc add can be 
double-stranded or sir^e-stranded. Where shigle-stranded, the imddc add can be the sense 
strand or the antisense strand 

The term isolated nucldc add means that tte nucleic add is not immediately contiguous with both 
of the sequences with which it is immediately contiguous (one on the 5* end and one on the 3* end) 
in the naturally occurring genome of the organism from which it is derived For exanq>Ie, an 
isolated nucldc add molecule can be, without limitation, a recombinant DNA molecule of any 
length, provi<ted nucldc add sequences normally found immediately flanking that recombinant 
DNAmoleculeinanaturally occurring genome are removed or absent Thus, an isolated nudeic 
acid molecule includes, without limitation, a recornbinant DNA that exists as a separate molecule 
(e.g., a cDNA or a genomic DNA fragment produced by PGR or restriction endonuclease 
treatment) indepencfent of other sequences as wdl as recombinant DNA that is incorporated into a 
vector, an autonomously replicating plasmid, a virus (e.g., a retrovirus, adenovirus, or herpes 
vinis), orintothegenoniicDNAofaprQkaryoteoreukaryote. In addition, an isolated nucleic 
add can include a recombinant DNA molecule that is part of a hybrid or fusion nuddc add 
sequence. 

Typically, regulatory dements are nucldc add sequences that regulate the expression of other 
nucldc add sequences at the level of transcription and/or translatioit Thus, regulatory dements 
indude, without limitation, promoters, operators, enhancers, ribosome binding sites, transcription 
termination sequences (Le., a polyadenylation signal), and the like. In addition, regulatory 
elements can be, without limitation, synthetic DNA, genomic DNA, intron DNA, exon DNA, and 
naturally-occurring DNA as well as non-naturally-occurring DNA. It is noted that isolated nuddc 
add molecules containing a regulatory dem^ are not required to be DNA even though 
regulatory elements are typically DNA sequences. For examj^ nuddc add molecules other than 
DNA, such as RNA or RNA/DNA hybrids, that produce or contain a DNA regulatory element arc 
considered regulatory elements. Thus, recombinant retroviruses having an RNA sequence that 
produces a regulatory element upon synthesis into DNAby reveise transcriptase are isolated 
nuddc add molecules containing a regulatory element even though the recombinant retrovirus 
does not contain any DNA. 
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3. Tiansfection 

The term " tiansfection, of a nucleic add into a cell, as used herein is intended to include 
"transformation," "transdaction," "gene transfer" aiKl the like, as they are commonly used in the 
art Transfection " is not intencted to be limited to transfer of nucleic acid into a cell by means of 
an infectious particle such as a retrovirus, as the term nuiy have been used origi^^ RatherarQr 
form of delivery and introduction of a mideic add molecule, preferably DNA, into a cell, whether 
in the form of a plasmid, a virus, a liposome-based vector, or any other vector, so that the nucldc 
add is expressed in the cell and its protein product(s) made, is included within the definition of 
"transfection." 

When a nuddc add is said to "encode" a product other than a protein, this language is intended to 
mean that it encodes the necessary protdns/enzymes that are involved in, or required for, the 
synthesis of that product For example, ifa DNA molecule is said to encode LPS, it dearly 
encodes one or more proteins (enzymes) that are involved in the biosynthesis of LPS. If a nucldc 
acid is said to "encode the biosynthesis" of a structure, it means that the nucldc add encodes the 
enzymesthatpartidpate in the creation of that structure. In particular for the caibofaydrate 
structures referred to herein, the nuddc adds used in the invention are introduced into a cell that 
normally does not make, or makes little of, the carbohydrate structure so as to provide to that cdl 
the genetic material for an enzyme or enzymes that generate the caibol^drate structure or modify 
a different carbohydrate structure to that one indicated As a further example, DNA encoding a 
tumor antigen majr directly encode a protdn/peptide tumor antigen, or altemativdy, may encode 
proteins or peptides that dther contribute structurally to, or catalyze the synthesis oC a tumor 
antigen which is partly protein (e.g. , lipoprotein or proteoglycan) or totally non-protein (e.g. , a 
glycolipid). 

The invention provides methods of treating cancer in a host by transfecting cells with S Ag- 
encoding nucldc add Suitable host or non-host cells for transfection include, without limitation, 
radothelial cells, DCs, monocytes, macrophages, B cells, T cells, immunocytes, musde cells, 

fibroblasts, NK cells, MKT cells (ICR ab^ Cm^ and CDS g^d T cells and tumor cells. The 
terms accessory cell and antigen presenting ceU ( APC) can be used interchangeably and indude 
cells having the ability to process and present antigens to T cells as well as to provide both defined 
and less well defined growth and differentiation factors (costimulatoiy signals) during an ongoing 
immune response. 

Cellsaietransfected//ivrvaorm vi>a Whentransfected/nw'vo, the cells are of host origiit 
When transfected in vitro^ the cells are autologous, allogendc, or xenogendc to the host to provide 
additional immunogenidty. In addition to being transfected with nuddc add encoding a SAg, the 
cells are transfected with nuddc add encoding any other polyp^de induding, without 
limitation, a galactosyltransferase, st^Aylococcal hyahuoni^se and/or eiythrogenic toxin, 
streptococcal c^)sular polysaccharide, CD44, tumor antigen, costimulatory molecule such as B7-1 
and B7-2, adhesion molecules^ MHC dass I nK>lecule and/or NfHC dass U mdecule. Nucleic 
acids encoding the molecules are ootransfected with the S Ags. But for others, including but not 
limited to Staphylococcal liyahmmidase, eiythrogenic toxin. Streptococcal capsular 
polysaccharide and CE344 genes, the nudeic adds encoding the SAgs are fiised to other nudeic 
adds resulting in expression of a fiision i»xitein. Methods for in vivo and in vitro transfection of 
cells are well known. For example, two books in the series Methods in Molecular Medidne 
published by Humana Press, Totowa, NJ, describe in vivo and in vitro transfection protocols that 
are adaptable to the present invention (Vacdne Protocols edited by Robinson et a/. , ( 1 9%) in 
Gene Therapy Protocols edited by Robbins et a/., Humana Press, Totowa , N, J. (1997)). 
Transfection protocols are also discussed elsewhere ((Sambrook, J. et a/., Molecular Cloning, 
Second Edition, Cold Springs Harbor Laboratoiy Press^ Plaimiew, New York, ( 1 989)). In 
addition, use of various vectors to target qnthelial cells, use of liposomal constructs, methods of 
transferring nucleic add directly into T cells, hematopoietic stem cells, and fibroblasts, methods of 
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particle-mediated nucleic acid transfer to skin cells, and methods of liposome-mediated nucleic 
acid transfer to tumor cells have been described elsewhere. (Feigner, PL et al,, Cationic Lipids for 
IntraceUular Delivery of Biologically Active Molecules, U.S. 5,459,127, issued Oct 17, 1995; 
Feigner, PL, Cationic Lipids for IntraceUular Delivery of BiologicaUy Active Molecules, U.S. 
5 264,618, issued November 23, 1993; Feigner. PL, Exogenous DNA Sequences in a Mammal, 
U,S. 5,580,859 isued December 3, 1996; Feigner, PL, A Protective Imnnme Response in a 
Mammal by Injecting a DNA Sequence, U.S. 5,589466 issued December 31, 1996). 

Further use of ligand-based nucleic add carriers to effect transfection of mammalian cells in vivo 
has been described elsewhere (Wu et aL, J. Biol. Chem., 262:4429^32 (1987); Wu et al , J. Biol. 
Chem., 263:14621-14624 (1988); Wu^f a/., J. Biol. Chem., 264:16 985-16987 (1989); Wue/ a/., 
J. Biol. Chem., 266:14338-14342 (1991); andGarrigues J etal. Am. J. Patit 142:607-^22 
(1993)). Briefly, plasmid DNA is conjugated to a desialylated branched carbohydrates such as 
oTOSomucoidby carbodiimide crosslinking to polylysine and targeted to asialopK^ receptors 
expressed on cells in the liver. In addition, enhanced nucleic acid delivery and expression can be 
achieved using a ligand-polytysine conjugate coupled to carbohydrate moieties on viruses that is 
tiien combined witii DNA. These preparations are suitable for parenteral injection and are readily 
taken up by cells expressing asialoprotem receptors in the liver after which the DNA is 
internalized and integrated into tiie host genome. In addition, nucleic acid can be administered 
intravenously, intramuscularly, or subcutaneously to induce a response in a host 

Thus, targeting nucleic add to the smfece of particular cells is accomplished by conjugating 
nudeic acid to molecules that bind to a cell surface structure such as a receptor. Examples of cell 
surface structures that can be targeted irichide, without limitatiori, the transfOT 
asialoglyooprotein receptor. The molecules that bind cell surface structures and are conjugated to 
nucleic acid for targeting can be, without limitation, natural ligands for die surface structure, 
synthetic cortqjositions that exhibit specific binding, and antibodies directed against the suifiice 
structure. For exairqrie, a monodorial aritibodjy specific for a cell surface epitope such as the 

BR96 antibody that recognizes Le carbohydrate ejMtope abundantiy expressed by colon, breast, 
ovary, and lung carcinomas can be used. Other monoclonal antibodies can include, without 
limitation, those that recognize growth factor receptors, transferrin recq)tor5, IL-2 receptors, 
epwiermal growth factor receptors, the Aev oncogene, and TAPA-1 as we^ 
b^rig ^ledfidty for a sur&ce stnicture that can be iiiternalized 

Liposomes containing nucleic add are also targeted to specific cell types such that the nucleic add 
ise}q>ressed For example, nucldc add is loaded into or attached to catiorucIX)TNfA: 
doleoylphosphatidyi^hanolamine (DOPE) liposomes that contain exposed molecules that bind to 
a ceUsur&cestnicture such as tumor cells or tumor microvasculature (Example 5). Themolecules 
that bind cell sur&ce structures and are attached to liposomes can be, without limitation, natural 
ligands for the sur^tce structure, synth^c compositions that exhibit specific binding, and 
antibodies directed against the sur^ce structure. Maximal transfer ofnucldc adds encoding SAgs 
is attained by synthesizing the liposomes with an ^mfmate ratio of nuddc add to lipid In 
addition, these ruicleic addcontairung liposomes are administered intravenously, intramuscularly, 
or subcutaneously to induce a response in a host 

Naked nucldc add is also adnunistered to a host For example, naked pharmaceutical-grade 
plasmid DNA are injected into a host intramuscularly such that it is repressed by host cells (U.S. 
patent Nos.5,589.466; 5,580,599; 5,264,618; 5,459,127; and 5,561,064). In addition, cationic 
lipids are used to deliver biologically active molecules, such as oligonucleotides to host cells in 
vivo (U.S. patent nos.5,264,618, 5,459,127, and 5,561,064). Thus, nucldc add encodinga SAg is 
admirusteredtoahostinnaJcedorcatioiuctipidformsuchthattheSAgisex^^ Itisnoted 
thatany nuddc add described hemn can be administered i/i VIVO as riaked DNA. Further, other 
methods of ^hiuiustering naked DNA to a host can be used such as those related to the direct 
injection of naked DNA for use in vaodnes (C:ohen et al., Sdence 259:1691-1692 (1993); Corr et 
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al J Em Med 184:1555-1560 (1996); Vannus et al, Proc. Natl. Acad Sd. USA 81:5849-5852 
(1984); andBcitveniste et al, Proc. Natl. Acad Sci. USA 83:9551-9555 (1986)). 

Our previous patent applications which are hereby incorporated by reference include US patent 
applications 07/416,530, filed October 3, 1989, U.S. patent appUcation 07/466,577, filed January 
17, 1990, U.S. patent application 07891,718, filed Junel, 1992, U.S. patent application 
08/025 144,filedMarch2, 1993, U.S. patent application 08/189,424, filed Januaiy 31, 1994, U.S. 
patent Application 08/491,746, filed June 19, 1995, PCX appUcations PCT/US91/00342, and 
PCT/US94/02339. These aR^cations have given comprehensive description of tiie SAg gpncs, 
the creation of high eirterotoxin producing mutant strains as weU as recombinant m^ods of 
production of SAgs. In addition, methods of treating cancer lytransfecting tumor ceUsi/iv/vo 
and in vitro witii SAg nucleotides using weU defined recombinant technology have been described 
in these applications. SubsequenUy, Dow et al, (J. CUn. Invest. 99: 2616-2624 (1997)) descnbed 
in vitro and in vivo transfection of eukaiyotic cells witii SAg DNA which was c^ble of mducmg 
inflammatory responses mv/vo. It is noted that tiie SAg genes have been cloned and their 
sequences delineated before 1988 and mefliods used to transfect cells in vivo or in vitro with 
nucleic adds encoding polypeptides are also wdl known in the art. 

4. G)nstructs 

Tumor cells are transfected with various nucleic adds which arc designed to increase their 
immunog^dty and to provide them with capadty to traffic to metastatic sites where they may 
initiate a potent inflammatory and immune response. Such constructs of this invention can be 
linear or circular nudeic adds obtained fiom mammals or bacteria that encode a polypeptide such 
as a SAg, mutant SAg, erythrogenic toxin, enzymes involved in tiie teoQutiiesis of 
glycosyltransferases, bacterial gtycosylceramides, LPS% Upoproteins, capsular or membrane 
polysaccharides, microbial toxins and enzymes such as hyaluronidase, collagoiase, elastase, 
coagulase, protease, kinase, lipase. Constructs may also contain tumor assodatedantigpns, 
costimulatory molecules such as B7-1 and B7-2, adhesion molecules, receptor molecules such as 
SAg recejrtors, CDl, CD14, MHC class I molecules and/or MHC class H receptors. Such 
constructs may also contain amplified nuddc adds associated with tumors such as oncogenes, 
transcription fectors, angiogenesis fectors and receptors, tumor growtii factor receptors, chimeric 
receptors. The latter nncldc adds may be linked to SAg-encodingnucldc add to produce 
hdghtened expression of the SAg. The amplified nucleic adds may include tumor tissue specific 
promoters and nucleic adds that direct the colonization or metastasis of tumors to sdected sites in 
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Constructs can also contain elements that regulate and/or promote the ejqjrcssion of encoded 
polypeptide. For example, a construct containing nucldc add that encodes enterotoxin B (SEB) 
can have a strong promoter element upstream of tiie SEB encoding sequence. Inaddition, 
constructs can contain nucleic acid that anchors an encoded polypeptide to the cell aufece after 
expression. For exanq)le, a construct containing nuddc add that encodes SEB can contain a 
membranc^mchoring sequence such as nudeic add that encodes a hydrophobic stretch of anuno 
adds or a glyoosylphosphati<!b^linositol (GPI)-anchoring motit Thus, tiie SAg, or otiier 
polypqjtides as well, can be anchored in tiie plasma membrane by ooiqpling to membrane lipids or 
glycolipids. These anchors can be attached to tiie C terminus of the polypeptide in flie 
endoplasmic reticulum. Alteniatively, a SAg known to be associated witii the cell surfece after 
expression can be used such as the mammary tumor viral (MMTV) SAg tiiat is GPI-linked. 
In one embodiment, S Ags as well as SAg receptors are engineered to remain anchored to tiie 
surface of transfected cells when the cell is to be used for immunization. Likewise, when a SAg 
recq)tor gene is transfected into anergizedT cells firom cancer patients, it is desirable to ejqiress 
tiie receptor on tiie ceU surfece so tiat tiiey are readily recognized and activated 
receptor bound SAg. In contrast, when it is desiraWe to use SAg transfected cells to activate T 
cells in vivo or ex vivo or to promote trafficking of transfected tumor cells to metastatic sites in 
w vo,itis suitable for the SAg to be secreted fiom tiie transfected cells. 
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In additional embodiments, potent tumor spedfice^^ or NKT cell clones are produced with 
ovcrexpressedVb regions of their ICRs making them Mghly receptive to activation^ 
exogenous SAg. likewise CD44 gpnes are transfected into T cells or NKT cells mak^ 
more susceptible to expression of this epitope after SAg stimulation. 

Constructs also contain a selectable marker or reporter such that transfected cells can be isolated 
For example, a construct containing nucleic acid that encodes a SAg can also contain nucleic acid 
that encodes a polypeptick that confers resistance to a selection agent such as neomycin (also 
called G418), puronrydn, or kanamycia 

Nucleic acid and nucleic acid constructs of the present invention are incorporated into a vector, an 
autonomously replicating plasmid, or a virus {e,g, , a retrovirus, adenovirus, or herpes vims). 
Typically, these vectors, plasmids, and viruses can replicate and function independently of the cell 
genome or integrate into the genome. Vector, plasmid, and virus design depends on, for example, 
the intended use as well as the type of cell transfected ^;jpr<^niate design ofa vector, plasmid, or 
virus for a particular use and cell type is within the level of skiU in the art. In addition, a single 
vector, plasmid, or virus can be used to express dther a single polypeptide or multi^^ 
polypeptides. It follows that a vector, plasmid, or virus that is intended to express multiple 
polypeptides will contain one or more operaWy linked regulatory elements capable of effecting 
and/or enhancing the expression of each encoded polypeptide. 

The term "operably linked" means that two nucleic acid sequences are in a functional relationship 
vrith one another. For example, a proinoter (or enhancer) is opeiably linked to a coding sequence 
ifit effects (or enhances) the transcription ofthe coding sequence. A ribosome binding site is 
operablyUnked to a coding sequence if it is positioned to Eacilitatetranslati^^^ Operably linked 
nucleic add sequences are often contiguous, but this is not a requirement For exanqple, enhancers 
need not be contiguous with a coding sequence to enhance transcription of the coding sequence. 

A vector, plasmid, or virus that directs the expression of a polypeptide such as a SAg can include 
other nucleic add sequences such as, for example, nudeic add sequences that encode a signal 
sequence or an amplifiabiegpie. Signal sequences are well known in the art and can be selected 
and operativcly linked to a polypeptide encoding sequence such that the signal secpience directs 
the secretion of the polypq>tide from a cell. An ainplifiabte gene (e.g., the dihydrofolate reductase 
[DHFRJ gene) in an e^qjression vector can allow for sdection of host ceUs containing multiple 
copies of the transfected nucldc add 

Standard molecular biology techniques are used to construct, iHopagate, and express the nucleic 
add, nucldc add constructs, vectors, plasmids, and viruses cf the invention ((Sambrook, J.et aL, 
supra; Maniatis et al.. Molecular Qoning ( 1988): and U.S. Patent 5,364.934. For example, 
prokaiyotic cells (e.g., E. colU Bacillus, Pseudomonas, and other bacteria), yeast, fungal cells, 
insect cells, plant oeUs, i^i^, and higher eukaryotic cells such as Chinese hamster ovary cells, 
C(>S cells, and other rnammalian cdls can be used 

Constructs arc used //I vivo or cxvfva or in combination as in ExanQ)le 5-7, 16-23. Theyarcused 
to immunize a host by direct /n vhY> administration or they are used ex vj vo t^ 
NKT cells to become tumor specific effector cells which are employed for adoptive 
immunother^ of cancer by methods and models (Exanrq>les 7, 16, 19-23). 

To test the anti-tumor-inducing ability of a particular construct as well as the transfected cell itself 
the following general assay is performed B16 melanoma, A20 lymphoma, host tumor cells, or 
any other tumor cell lines approfpriate to the host (Le., having tumor antig^ objected to be 
present on the host tumor ceDs) are transfected with a given construct Appropriate numbers of 

transfected cdls (e.g., 10 -10 ceUs) are then implanted subcutaiieously into animals such as mice, 
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rats, rabbits, or the like and 1-6 months later untraBsfected tumor cells arc implanted Tumor 
outgrowth ftom the untransfccted tumor cells is measured and compared to control animals not 
given the transfected tumor cells. If tumor outgrowth is reduced or prevented, tlwsn the transfer 

cells are effective anti-tumor agents useful as tumor vaccines. Altematively, 10 -10 transfected 
tumor cells can be given 3 - 10 <^ after the appearance of established tumors ftom untransfccted 
tumorceUs. Iftumor outgrowth is reduced or anested, then the transfected ceUs are eflBx^ 
tumor agents useful in treating established tumors. 

To test the anti-tumor efifert of S Ag acdvated T cells, NKT cells or T cells clones overcxpressing 
\^ or CD44, the foUovving general protocol is used. Lymph node cells ftom C57/B1 mice bearing 
MCA 205 or 207 sarcomas which were implanted in the adjacent inguinal region three to ten days 
before are extracted and placed in tissue culture. The cells arc incubated with various enterotoxins 
for two days and then with IL-2 for an additional two to three da^. The cells arc then harvested 
and injected into syngeneic mice with established pulmonary metastases (six to twelve days after 
tumor injection). Three weeks later the anirnals arc evaluated for pulmonary metastases oonq)ared 
to controls which receive no cells or cells that were stimulated without entcrc^xins. The 
adoptively transferred cells may be enriched for NKT cells or T cells alone (to include / T cells) 
which are selectively injected into tumor bearing hosts. Likewise, they are selected for 
predominant expression of the CD44 phenotype during the SAg activation phase at which time the 
CD44 enriched population is harvested and used for adoptive immunotherapy. The dose of 
injected T cells. NKT cells or g/d T cells and/or CD44 enriched cells (which are produced by any 
oftheseT cell, NKT cell or g/dT cell populations) range from 10 to andarebegrvenona 
schedule of once weekly for one to four wedcs. 

5. Superantieens (SAgs) 

SAg3 arc polypeptides that have the airing to stirmilate large subsets of Tcel^ SAgsinchide 
Staphylococcal enterotoxins. Streptococcal pyrogenic exotoxins. Mycoplasma antigens, rabies 
antigens, mycobacteria antigens, EB viral antigens, minor lymphocyte stimulating antigen, 
mammary tumor virus antigen, heat shock proteins, stress peptides, clostridial and toxoplasmosis 
antigens and the like. AiiyS^ can be used as described herein, although, Stapbylocoocal 
enterotoxins such as SEA, SEB, SEC, and SED and streptococcal pyrogenic exotoxins such as 
toxic shock-associated toxin (TSST-1 also called SEF) are preferred. 

When using enterotoxins, the region related to emetic activity can be omitted to mi n i m ize toxicity. 
In additiori,SAgs can be derivatized to miriimize toxicity. The level of toxicity m^ not be a 
concern when using SAg transfected cells to activate lyr^hocytes ex vfyo since the lymphocytes 
can be rinsed of SAg polypei^de prior to administration to a host 

The nudeic add sequences that encode SAgs are knonvn and readily available. Forexani|de» 
Staphylococcal enterotoxin A (SEA), SEB, SEC, SED, SEE, TSST-1, and Streptococcal pyrogpnic 
exotoxin (SPEA) have been cloned and ean be expressed in £ coU (Brttey MJ and JJ Mdcatonos, 
J. Bacteriol. 170:34 (1987); Huang lYe/ a/., J.Biol. Chem., 262:7006 (1987); B^eyMeM/., 
Pioc. Natl. Acad ScL USA, 81:5179 (1984); GaskiU ME and SAKhan, J. Biol. Chem., 263:6276 
(1988); Jones CL and SA Khan, J. BacterioL, 166:29 (1986); Huang lY and MS Bergdoll, J. Biol. 
Chem., 245:3518 (1970); Ranelli DM et al, Proc. Nat Acad. Sd. USA 82:5850 (1985); Bohach 
GA, Infect Iramun., 55:428 (1987); Bohach GA, Mol. Gea Genet 209: 15 (1987); Couch JL ei al, 
J. Bacteriol. 170:2954 (1988); Krdswierth BN et al.. Nature, 305:709 (1983); Cooney J et ai, J. 
Gen, Microbiol., 134:2179 (1988); landolo JJ, Anna Rev. Micn^ol., 43:375 (1989); and US 
Patent No. 5,705,151)). Additional nudeic add sequences encoding SAgs are described 
dscwhere (Bohach et al, Crit Rev. in Microbiology 17:251-272 (1990); (Kotzin, BL et aL, 
Advances Immunology 54: 99-165 (1993)) 

PCR can be used to isolate SAg-encoding add. For example, the nuddc add encoding SEA, 
SEB, and TSST-1 can be isolated as described elsewhere (Dow et al, J. Clin. Invest 99:2616- 
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2624 (1997)). Briefly, the foUowing primers can be used to anqplify the S Ag-enooding nudeic 
acid: 

SEA forward: GGGAATTCCATGGAGAGTCAACCAG, 
SEA backward: GCAAGCTTAACTTGrrAATAG; 
SEB forwanL GGGAATTCCATG G-AGAA AAGCG. 
SEE backward: GOXJ ATCCTC ACrnTrCTITG; and 
TSST-1 forward 

GGGGTACCCCGAAGGAGGAAAAAAAAATGTCTACAAACGATAATAl^^ 
TSST-1 backward: TGCTCTAGAGCATTAATrAATrrCTGCTrCTATAGrmTAT. 

The fiiU-length TSST-1 nudeic add sequence is doued into a eukaryotic expression vector 
(pCR3; InVilrogen Corp., San Diego, CA), whereas <Hily the sequence corresponding to the 
mature SEB and SEA (sequences minus the [wtative bacterial signal sequences) is cloned mto 
pC30. Removal of the SEB and SEA signal sequOTces increases the level of expression m 
transfected cells. The plasmids are gnmii in Escheridiia coll and plasnudDNA extract 
modified alkaline lysis m^od and purified on a CsCl gradient 

Nucldc adds encoding mutant or variant S Ags are also consi<tered nudeic add sequences 
encoding SAgs within the scope of the inv^on. For example, a mutant SAg-encoding acid 
sequence is engineered such that the resulting SAg is devoid of amino add residues, e.g., 
histidine, known to produce toxidty. Likewise, SAg-encoding nudeic add is engineered to 
contain or lade sequences that fedfitate the sdective binding of SAgs to certain Vb regions of the 
TCR present on T ceUs or to gangUoside, inannose (or other carbohydrate) receptor, certain 

regions of MHC chiss D, and/or enterotoxin receptors present on tumor cells, antigen presenting 
cells (APCs), and/or lymphocytes. 

Nucldc add sequences that encode a SAg are also fused, in frame, with nuddc add that encodes 
another polypeptide. This larger nucldc add is termed herein a SAg fusion gene and the rating 
polypeptide product is a SAg fusion product Nuddc add sequences that are fused to SAg- 
encoding nuddc add include, without limitation, nuddc add sequences that encode nmior 
antig^ costimulatoiy molecules, adhesion molecules and MHC class n molecules. The 
si^jerantigen fusion produd is secreted by a transfected ceU, e^ressed on the 
m^ remain intracellular in nuddc add or partly processed form. 

SAgs are also isolated and purified from their natural source as wdl as from a heterologous 
expression system such as K colL Likewise, SAg-containing polypeirtides (e.g., SAg fusion 
products) are isolated and purified fix>m a heterologous esqwression system. Inaddition, 
Staphylococcus strains producing high levels of enterotoxin have been identified and are available. 
For example, exposing enterotoxin-producing Staphylococcus aureus to mutagenic agents such as 
N-methyl-N-nitr<>-N-rutrasoguamdine results in a 20 fold increase in enterotoxin i»oduction over 
the amounts imduced by the parent wild-^ Staphylococcus aureus strain (Freedman MA and 
Howard MB J. BaderioL, 106:289(1971)). 

6. Glvcosvlated SAes and SAes Conjugated to Glvcosvlce ramides. Litxmolvsaocharides, Glycans 
and Lipoarabtnomamy itis! Presenta tion on CDl Receptors for Activation of T or NKT Cells and 
Differentiation to Tumor Specific Effector CeUs. 

In a tumor cdl or accessory cell, nudeic add signal sequences are integrated into nuddc adds 
encoding the SAg molecules in order to route th©n to the Golgi apparatus and endoplasmic 
reticulum of tumor cells where they are glycosylated via appropriate glycosyltransferases 
(precedents &om the selective transferases used to produce monogalactosylceramide in the 
Sphingomonas paucimobilis) to produce a proteoglycan with structural similarity to LPS, 
lipoteichoic add, GalCer, a Gal, Streptococcus c^isular polysaccharide. This construct is then 
secreted as an immunogenic "ground substance.** Alternatively, the resulting SAg glycolipid is 
anchored to the membrane, expressed on the cell surface and routed specifically to CD 1 receptors. 
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SAgs which are glyoosylated by the above intracellular processes have improved capaaty to bind 
suifeK»stnictures such as mannose receptors, gangUoside receptors and CDl receptors. 
Generally, the rmcleic acids encoding a S Ag are modified to indude a signal sequence for rouUng 
to the Golgi^jparatus and a core sequence which initiates glycosylat^^^ It is important that the 
Vb TCR binding region is not blocked by the added carbohydrate modifications. For example, an 
N-linked glycosylation site (in the sequence Asn X Ser/Thr where X is any residue except Pro) is 
engineered into SAg-encoding add sequences which do not functionally interfere with TCR 
binding and activation. The nucleic add encoding these sigial sequences and core bmding 
glycosylation sites of SAgs are fused to nucldc adds encoding S Ag and the fusion gene used to 
transfect tumor cells of a host In addition, glycosylated forms of SAgs are expressed in a 
heterologous eukaryotic expression system such as yeast cells or baculovirus-infected insect ceUs. 
In gram negative bacteria (such as E. coli), nucldc adds encoding SAgs are fused to nucleic acids 
encoding LPS's, in gram positive bacteria (such as Staphylococcus or Streptococcus), to nucleic 
adds encoding capsular polysaccharides and tdchoic adds and in mycobacterial species to nucleic 
adds encoding lipoarabinaa 

The gram negative bacterium SpMngomonas paudmobilts jtfoduoes tte monogalactosylc^amide. 
In this bacterium, nudeic adds encoding SAgs (containing serine) are fused to nucldc adds 
encoding and directing the synthesis of glycosylceramides and monogalactosylceramide m 
particular. The resulting ga^ctosylceramide-SAgs are powerftd T cell stimulants. The same 
procedure is foUowed in bacteria which naturally produce LPS's such as £. co//. Salmonella or 

or for bacteria which natural^ produce lipoarabinomannansglycans or polysaccharides 
containing ceU walls such as Nfycobacterium and Streptococcus respect!^ TheSAg- 
polysaccharide constructs bind to CDl receptors of antigen presenting cells. They are then 
c^le of activating NKT cells dther in vivo or ex vivo to become tumor ^)ecific effector cells m 
response to ILrl2. 

SAgs are also conjugated geneticalty or biochemically as in Example 5 to LPS's via a natural high 
affinity binding site for LPS Ending protein (LPB). Once bound, the SAg catalyzes the binding of 
LPS monomers to CD14 and ODl receptors in a feshion similar to that of Lre. Inthisw^,the 
conjugates are c^wble of activating T cells for use in vivo or ex vivo for adoptive immunotherapy 
whHe preserving the anti-apoptotic effect ofLPS on SAg activated T cells. Examples of their 
preparation and use in vivo and in vitro are given in Examples 4. 7, 15, 16, 18-23. 

In addition, SAgs similarly conjugated to lipoarabinomannans and glycans are integrated into 
lymphomonocyticcdl membranes via ^ycosylphoq?hatidylinositolan^^ These SAg- 
lipoaiabinomannan conqplexes are exfw^sed or secreted by antigen presenting cells or tumor cells. 
They are also bound to CD 1 , mannose or class H receptors in whi ch form they are used to activate 
TorNKT cells. These constructs are administered//! vivo or they are used eir vivo to produ^ 
tumor specific effector ceU populations (T ceU or NKT cells) which are employed for ad<^e 
immunotherapy ofcancer (Examples 5, 15-16, 18-23). „. ,^ 

Mannose receptor e>?»ression is upregdated by cytol^ For example^ accessory cells including 
DCs, and tumor oelb express mannose receptors on thdr surfaces af^ SAgs 
are bound to mannose receptors by transfecting ceUs with nuddc adds encoding SAg which also 
consist of nuddc adds encoding signal sequences and glycosylation sites which, in the presence 
of^ropriateglycosyltransferases, produce mannosylated SAgs. These preferentially bind to 
mannose receptors. In addition, glycosylated SAgs Wml to amphipathicceU surface ganghoa 
and glyooUpids via hydrophobic interactions. These glyoosylated SAgs presented in a form bound 
tomannosereoeptorsarec^eofactivatingTcellsandNKTceUpofni^ Theyareused 
either in vivo by direct administration or ex vivo to produce a tumor q)ecific effector cell 
population (T cdl or NKT cells) fi)r use in adoptive immunother^ of cancer (Examples 4, 5, 15, 
16, 18-23). 

7 SAgs Conjugated to 0 \Ym^^'^^^^^ Gandiosides and Verptoxins (VT) 



20 



An^pathic g^ngliosides bound to tumor cell surfeces such as GDI, GD2, GD3, GMl, GM2, 
G\D, GQl and GTl are c^le of binding exogenous SAgs. The binding of a SAg to the surface 
ofa tumor cell creates an immunogen on the tumor cell surfece. Tumor cells transfected with 
nucleic acids encoding glycosyltransferases overe?qiress gangUosides, producing a greater surface 
denaty of g^ngliosidc moieties available to bind exogenous SAgs. Enteiotoxins bind to cell 
surfece amphipathic gangliosides and/or glycophorins via their hydrophobic residues while 
preserving their T cell binding pn^rties. are also glycosylated intracellularly by addition 
of a glycosylation site or by chemical conjugation of a carbohydrate moiety using methods well 
described in the art In glycosylated or native form, the SAgs bind to suifece ganglioside while 
retaining tiieir T cell aOivating properties. Overcxpression of the hydrophobic regions of the 
molecule promotes binding to the surface gangliosides (Example 5). Examples from nature of 
exogenous proteins that bind to cell suifece gangjiosides include Mciparum malarial merozoite 
which combines with gangjiosides associated with the I>uflfy blood grou^ 
standing and durable protection and tetanus toxin which binds to surface gangliosides with highest 
afBnity for the disialyl groiq>s linked to inner galactosyl residues. 

Enterotoxin B contains a T ceU activating sequence which is chemically cross-linked or 
polymerized using bifunctional agents such as caibodiimide, glutaraldehyde or formal^hyde by 
established metiiods well known in the art. These polymers are then bound to gangliosides 
expressed on tumor ceUs such as GDI, GD2, GQ1,GD3 or GMl, GMl, GM3, GTL In 
monomeric or polymerized form, SAgs also bind to monogalactosylceramides which are &ee or 
bound to CDl receptors on tumor cells or antigen jnesenting cdls via hydrophobic interactions. 
The monogalactosylceramide binds to hydrophobic sequences on the SAg which are expressed at 
multiple sites on the molecule. In one embodiment. Uie lauroyi &o\xp [CH3(CH)10CX3] or tiie 
group [CH3(CH)13CO] is covalentiy added to each of tfie peptiite's amino terminus to serve as a 
of tiie CDl receptor. The key SAg peptide sequence such as of SEB (amino acids 225-234) which 
confers T cell activating properties is tandemly repeated to various lengths prior to lipid 
conjugatioa 

Hydrophobic SAg pepti(tes(such as Tip, Tyr, Phe. Leu, and lie) are screened for binding to 
giycosylceramides immobilized on CDl receptors or via adsoiption chromatography with 
immobilized gtyoosylceramide. The SAg sequences with the greatest affinity for the CDl rec^r 
are selected for conjugation to the giycosylceramides and LPS's. Alternatively, the SAg sequence 
is screened for afiSnity for the CD 1 or MHC class n receptor using a peptide phage display library 
as described in Examples 4. Likewise, pre-formed SAg-glycosylceramide or LPS complexes are 
also screened for affinity for Uie (1)1 or MHC dassn receptor (Example 4). These lipopeptide 
complexes are then screened for T cell proliferative activi^ and IL-I2 production. The 
monomeric or polymerized SAg in native or glycosylated form binds to the 
monoglycosylceramides or gangliosides e>q>ressed on CDl receptors on the tumor cell surface. 

Therapeutic Construct: SAg-Glvcosvlceramide Coniufiates 

SAgs have an affinity for gtycosphingolipids especially those with terminal or sultferminal Gal(al- 
4)Gal residues. Such residues are expressed on tumor cells as Gal(al-4)Gal(bl-4)GlcCeramide 
(globotriaosylceramide or Gb3) and Gal(al-4)GalCeramide (galabiosylceramide or Gb2). Gb3 and 
Gb2 also known as CD77,Bu]Mtt*slynq>homa antigen, and the human blood group p antigenare 
the natural recef^rs for Shiga toxins and VPs . Shiga toxin, a 69-kDa complex of proteins 
comprised of five b-subunits (7 kDa each) and one a-subunit (30 kDa) 1ms high affinity for the 
terminal digalactose of Gb3 or Gb2. Methods for their preparation and isolation are described in 
Example41. Once bound to the tumor cell, these toxins are internalized and induce apo{^ 
The synthetic pothw^ for neutral gtycosphingoUpids in eukaiyotic cells is known. 
Gluoosylceramide (GlcCer) is the i»ecarsor of lactosylceramide (LacCer), which leads, in order, 
to Gb3 and globot^raosylceramide (Gb4). Different Golgi enzymes are responsible for addition 
of monosaccharides from nudeotide-sugar donors in each step of the pathway. 
Globotriaosylceramide synthase (UDP-galactose:lactosylceramide al-4-galactosyltransferase) has 
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been purified. In the cytoplasm, the a-subunit of the Shiga toxin or VT is processed by a tiypsin- 
like cleavage. The "aaivated" 27-kDa a-subunit inactivates 60S ribosomes by depurination of a 
single nucleotide in 28S rRNA, rendering ribosomes inc^^able of carrying out peptide elongation. 

The present invention provides therapeuticaUy active sohiUe con^exes comprising SAg and 
glyco^hingolipids which have terminal or subterminal Gal(al4)Ga] residues and Shiga toxin 
receptors Gb3 and Gh2, (collectively referred to as "GTSGM"). These complexes include but are 
not limited to SAg -GPI-GTSGM complexes, and synthetic and functional derivatives thereof. 
Such structures appear naturally on surfaces of certain tumor cells such as astrocytoma, Buikitt*s 
lymphoma and ovarian carcinoma Methods of preparing and isolating glycosyloeramides and 
VTs are given in Examples 41 and 55. 

SAgs also have a demonstrate afiOnity for galactosylceramides containing Gal(al-4)Gal residues. 
Metho<feofassessing SAg binding to GTSGl-4 are pnmded given in Example 43. These 
conjugates are also shed from SAg-transfected tumor ceUs as binary complexes of SAg-GTSGl-4 
or ternary conq)lexes of SAg-GPI-GTSGI-4, in free form, as vesicles or as exosome^see Sections 
38 and Exanqple 38). M^hods cf isolating and characterizing these shed complexes a|^)ear in 
Section 38 and Example 42. The complexes may also be prepared by chemical or genetic methods 
(Example 5). SAg-GTSGl-4 or SAg-GPI-(jrSGl-4 con^exes or exosomes are useful as a 
preventative vaccine or against established tumor. They are also useful //i v/vo by direct 
administration or ex vivo where they are loaded onto antigen presenting cells comfnising CDl or 
MHC receptors to activate NKT and T cells to produce tumor specific effector T or NKT cells for 
adoptive therapy of cancer (Examples 5, 7, 14, 15, 16, 18-23, 38). 

Therapeutic Construct: Tumor Cells Expressing SAgs and Galactosvlsvlcerainides 
Additional immunogenic conq)Iexes con^sing SAgs bound to tumor cells, DCs DC /tc 
con^cts ex|»essing sur&ce Qbl and Gb3 or other glycosphingolipids containing terminal 
Gal(aM)Gal are prqsared by transfecting these ceUs with nucleic adds encoding The 
transfected cell expresses the SAg in the context of the glycoqihingolipid comprising the terminal 
or subterminal Gal(al-4)Gal moiety. Alternatively, free or GPI linked glycolipids containing SAg 
pepti(ks or polypeptides bind to tumor cells or accessory cells in tissue culture (Section 38). The 
expression of Gb3 and Gb2 on tumor cells is optionally upregulated by various cytokines, 
including IFMa and TNF a, before contacting the SAg 

Tumor cells, accessory cells or fused tumor /accessory cells txans&cted with SAg which are sot 
naturally etulowed with the GalCer (optionally coi^ded to SAg) acquire these molecules in fiee or 
GPI-linked form from surrounding media or by transfer fiom liposomes or vesicles (exosomes) 
which express them (Section 38 and Example 5). The resulting cells, coexpress SAgs and 
glycosy Iceramides or other gly cosylceramides capabl e of stimulating an effective T or NKT cell 
immune response. Multidrug res^tant (MDR) tumor cells or ceil lines which naturally 
accumulate and e>qiress intracellular gjlycosylceramides are useful in this invention. MDR agonists 
such as SDA PSC 833, a cyclosporin analogue, and fumonisin Bl, a ceramide synthase inhibitor, 
are employed to induce ceramide accumulation in MDR cells (Exan^le 45). Tumor cells or 
accessory cells which overexpress key glycosyloeramides due to transfection with al*2, al-4, al-6 
glycosyltransferases (Example 38) or a natural or induced deficiency of a-galactosidase are also 
useful. Inadditioii, tumor ceUs with higjiconceritratioifis of GalCer e?q>ressed on the^ 
that of accessory cells are generated by incubation with ceramides containing a 2-hydroxy &tty 
acidC60H. Tunu>r cells selectively convert them to GalCer, galabiosylcenunide and sul&^ 
the trans-Gdgi network where they are sorted and tran^rted selectively to the cell sui&ce. 
Methods for this selective biosynthesis of GalCer with t^dro?^ &tty adds are in ExanQ)le 46. 
These fused S Ag-tumor cell/acoessoty cell constructs are used to activate a T or NKT cell 
population. They are used in vivo by direct administration or ex vivo to produce a population of 
tumor specific effector cells (T cdls or NKT cells ) for adoptive therapy of cancer (Examples 5,7, 
14, 15, 16, 18-23, 38). 
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SAg-VT Conjugates to Induce Tumor C ell Apoptosis 

The present invention contemplates the induction of apoptosis in tumor cells e?q)ressing ObZ ana 
Gb3 (or other glycosphingolii»ds containing tenninal Gal(aM)Gal) by using firee SAgs. 
conjugates and fused DNA that comprises SAg,SAg peptide or SAg-enooding 
intact VT or to VTA or B chains. Preparation ofthese conjugates and fusion protems from their 
corresponding DNA, polypeptides or functional derivatives is provided in Examples 1 and 5 , 
These conjugates induce apoptosis by binding to tumor cell glycosphingoUpid receptors havmg 
terminal Gal(al-4)Gal. Methods ofassessingtumorceU apoptosis are in Example 44. CDl^or 
IFNa peptide sequences and generic caibohydrate recognition domains which bind Gal(al-4)G^ 
structmes are also useful. CD19, a Bk»U restricted differentiation antigen, naturally bmds to Ob3 
andGb2 on the ceU surface which incudes apoptosis. CD19 has VT-like sequences m the N- 
terminal extracellular domain (NBRF protein data bank) that have 41^*^ 34% and 37% sequence 
identic to Wl, VT2, and VT2e B subunits, respectively. When compared to a c^ 
sequence, the CD19 sequences show 49% identity. Binding of these pcpUde sequences to 
membrane Gal(aM)Gal-<x)ntaimng glycolipids fecilitates receptor mediated induction of 
apoptosis. 

The IFNa receptor has a 634d>a extraceUular peptide with regions of amino add identity to 
domains in the VT B suhinit implicated as Gb2/Gb3 binding sites. 
The prefened targ^ of the above conjugates on tumor cells are the naturally expressed Shiga 
toxin receptors Gb3 and Gb2 with a terminal Gal(al-4)GaL Astrocytomas and Buridtt's 
lymphomas are the preferred tumors as they naturally ejqxess glycosphingolipid receptors. 
However, aity tumor expressing the appropriate recq?tor is appropiat^ Tumor cells which 
express either engineered or natural functional derivatives, or mutants ofthese glycosphingoUiHd 
receptors, are also useful. Receptor expression on the targ^celh is optionally i^gulatcd by 
cytokines such as IFNg and TNFa. Tumor ceUsensitivily to the cytotoxic effects of a VT is 
enhancedby administration of iiuerleukin-lb before theaddition of theoonjugates. Tumorcells 
which do not naturally display Gb3 or Gb2 acquire these structures by transfer &om free, soluble 
structures or liposomes which express the missing glycosphingolipid receptor (Section 38, 
Example 5). The reconstituted tumor cells bearing the appropriate glycolipid receptors are thus 
targeted for apoptosis by the above constructs and conjugates. 

S A y Nucleic AddrVerotoxin Conjugate 

A preferred construct is the SAg-VT conjugate wherein the SAg is preferably in nudeic add form 
(prepared according to Example 3). The VT portion oftiie complex binds to the tumor cell and 
initiates apoptosis. The VT also acts as a ^^ector* for transfer of the SAgnucldc add into t^ 
cdl. SAg-VT conjugates bind to the terminal Gal(al-4)Galrecepton on tmnor cell suifecesa^^ 
arc internalized via endocytosis. The SAg nudeic add is internalized together with the VT. The 
VTA chain is an RNAN-glyoosidase acting on tiie 60S ribosomalsubunit It induces apoirtosis in 
the tumor cdl by removing an adenine base on amino acyl-transfer RNA so that peptide chain 
dMigation is blodced. The resulting appptotic tumor cdls contain the internalized SAg nuddc 
add and are flien ingested by dendritic cdls. The DCs are cross primed to induce an effective 
anti-tumor response presenting the tumor associated antigens in tfie class 1 patiiway to T cells 
while tiie SAg nuddc add expresses SAg polypeptide. These activated!^ or DC/tc hybrids can 
be prepared by the metiiods of Examples 28-29. They are used to activate a Tor NKT cdl 
population m vrvo as a preventative vaccine or by direct adnunistration against established tumor. 
They are also used ex vi vo to produce a pojmlation of tumor specific effector cells (T cdls or NKT 
cells ) for adoptive therapy of cancer (Exanqsles 5, 7, 14, 15, 16, 18-23, 28-29). 

Glycosylation or lipid binding of the enterotoxin does not interfere witii T celljniiding and 
activating properties. The SAg is glycosjiated by chemical or reconibinanttechmquesdescri^ 
intheExanq)les4. The SAg glycoprotein is Uie further conjugated to gangliosides in the 
ganglioside synthetic pathway via Uie presence rf key signal peptides on Uic glyco-S Ag (Example 
4). 

23 



• 



The S Ag is also rerouted to the LAMP pathway, glycosylated in the Golgi ^qwiatus and the 
endoplasmic reticulum and then translocated to the membrane class H receptor as a glycosylated 
ganglioside. GangUosides are glycosylated to form glyoosylceramides by rec^ 
as described in the Exampl 4. They are also glycosylated by glycosyltransferases to form 
homologues which bind to hydrophobic regions oftheSAg peptide. The final products namely 
SAg-glycosylceramides or SAg-LPS's then bind to CDl receptors and are used to activate T cells 
orNKT cells. These constnict are administered directly vivo or th^r are useful ex v/vo to pr^^ 
a population of tumor specific effector T cells or MKT cells for adoptive hnmunotherapy of cancer 
by protocols given in Examples 7, 15, 16, 18-23). 

The present invention contemplates the fusion or coe??>ression within the same cell of SAg 
polypeptides with anomcric mono and digalactosylceramidcs wiiich are expressed within a tumor 
cell or on the tumor cell surface. These construct could also be effectivdy expressed on the 
surface of accessory cells defined in Oxford Dictionaiy of Biochemistry and Molecular Biology 
1 997 edition as any one of various types of cell which assist in the immune response cell and 
includes but is not limited to DCs, fibroblasts, synoviocytes, astrocytes antigen presenting cells, 
neutrophils, maaophages, basopiuls, eosinophils, mast cells, keratinocytes and platelets, as well 
as fusion cells comprising accessory cells and tumor cells. 

The anomeric mono and digalactosylceramides have been shown to activate l^T cells and to 
produce an anti-tumor response in the context of IL-12. The galactosyl ceramides have several 
structural requirements in order to produce anti-tumor efifects. 12. Mono and 
digalactos3ioeramides require an anomeric galactose or glucose as the terminal sugar or inner 
sugar as for example anomeric l,6Kligalactosylceranude, -anomeric 1.2-digalactosylceramide, 
anomeric 1,4-digalactosylceramide, a diglycosylceramide wherein the inner sugar is an anomeric 
galactose or an anomeric glucose and anomeric galactosyl or anomeric gluoosyl ceramide. In 
addition, the 3- and 4-hyd03tyl groups on the phytosphingosine portion of the ceramides arc 
preferably unsubstituted, the sphingosine base length is preferably from about 10 to about 13 
caibon units and the fatty acyl chain length is preferably in the range of about 12 to about 24 for 
optimal anti-tumor effectiveness of the molecule. 

The expression of anomeric mono- aiiddigalactosylceramides in a cell is achieved several 
methods. The first involves the transfection and amplification of nucleic add encoding the 
enzymes which synthesize the anomeric 1,4-, the anomeric 1,6-orthe anomeric 1,2.- mono- and 
digalactosylceramidcs such that these glycolipids are overproduced. The genes for these 
transferase enzymes have been cloned. Transfection of nudeic add encoding these terminal 
transfeiasesintotheabovecellsiscarriedoutm viVo by the methods described in Exm 1. 

A second method for creating odls that overexpress the foregoing glycolipids uses monensin or 
brefddin which Mode additional glycosylation and sialylation of the -galactosylceramidcs, so that 
the mono- and digalactosy Iceramides accumulate in the cdL 

, A third approach en^)loys cells from patients with Fabiy*s disease. These cells are genetically 
defident in the -galactosidase so they naturally accumulate -galactosylceramidcs. 

In a forth technique, an -galactosidase defidency is induced in the target cell so that - 
galactosylceramides accumulate. 

In afifihapproach» the -galactosyltransferase is transfected Fabry's disease cdls, thereto adding to 
the usual accumulation due to the catabolic enzyme defid^cy. Such cells should have massive 
accumulations of -galactosylceramides. 

In a sixth approach, the desired mono- or diglycosylceramide expressed on liposome sui&ces are 
transferred to tumor cells lacking these structures by co-culture and employment of fusion 
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techniques given in example 5. 



Nucleic acids encoding S Ags are transfected into the above ceils which are overexpressing, 
overproducing or otherwise accumulating mono and digalactosylceramides. The Golgi apparatus 
(orGolgi complex) isamajorsiteofsynthesiscrfthefore^ingglycolip^ In the present context, 
the SAg combines with it the mono and digalactosylceramides. From the Golgi, the SAg- 
galactosylceramide conjugates or complexes, with the appropriate sorting signals, are dispatched 
in transport vesicles to other destinations. For a SAg peptide to combine efifectively with an - 
galactosylccramidc, the pq>tide must first have the appropriate sorting signal which directsit to 
the Golgi, andfem there, aflercomplexingwith the gfycoUp^ Thel^cking 
pathway of SAg polypeptide from the ER to the Golgi does not reqmrc special signals. SAg 
polypeptides that enter the ER (and fold and assembles properly) will automaticaUy be tran^rted 
through the Golgi apparatus to the cell surface unless they carry signals that either detain them in 
an earlier compartment en route or divert them (via the Golgi apparatus) to lysosomes or secretory 
vesicles. The SAg-glucosylceramide conjugates arc routed from the Golgi to the oeU surface after 
acquiring a structure like a cytoplasmic tail such as phosphoinositol which assures that these 
molecules wiU be bound in the ceU membrane. The conjugates m^ also be routed to GDI or 
MHO class I recq^rs, or via, the class D pathway, to MHC class II leoqrtors by assodaUng with 
invariant chain or LAMP-1 signals as described in Section 8. 

The mono- and digalactosylceramides are capable of stimulating NKT cells (via an invariant 
chain) in the presence ofIL-12 to produce an anti-tumor response. S Ags are capable of 
stimulating a T cell-^tependent anti-tumor response. 

The present invention utilizes tumor cells, accessory cells or hybrid cells such as DCrtc, 
engineered to express S Ag-galactosylcerami<te for anti-tumor tiierapy. These cells may be 
administered as a preventative or therapeutic vaccine (Exanq)le 29). Alternatively, they may be 
useful ex vivo to activate an NKT or T cell population for use in adoptive immunotiierapy of 
cancer (Example 29). 

S. SAg Tareedne to Lvsosomes 

LAMP-1 is a transmembrane protein localized predonunantly to lysosomes and late endosomes. 
The cytoplasmic domain of LAMP-1 contains the amino add sequence Tyr-Gln-Thr-Ile whose 
structure conforms to the Tyr-Xaa-Xaa hydrophobic amino acid motif that mediates cell 
inembrane internalization and possiWy lysosomal targeting of several surfK^rece The 
intraoeUular targeting of LAMP-1 is controlled by the Tyr-Gln-Thr-Ile motif located at the C 
terminus of its cytoj^asmic tail. 

In the present invention, nuddc add encoding a SAg is fused with nuddc adds encoding the 
transmembrane and cytoplasmic tail of LAMP-1. Nudeic adds encoding the signal peptide (N 
terminal) of LAMP-1 arc integrated into this chimeric construct These chimeric SAg/LAMP-1 
polypqytides are targeted to endosomal and lysosomal compartments, thereby rerouting 
transfected SAg potyp^des into Uie MHC class II processing pathway. Thus, cells such as 
, tumor cells transfeded with nucleic add encoding this modified SAg iHeferentiaUyt 

to lysosomal compartments and are presented to T cells in the context of MHC class n. MHC 
dass II native tumor cells are also transfected with nucldc add encoding MHC class n 
molecules. Theassodationof S Ags with MHC dass n molecules, thdr natural ligands on APCs, 
produce optimal T cell activation to the tumor. Antigen presenting cells transfected with these 
constructs are capable ofindudng potent activation of Tcdls. Tumor cdls, in particular, 
transfectedwiththisconstnrctareadministereddirecfly/wWvoorused ex Wvo to sensitize a T cell 
population which is useM in adoptive immunotherapy of cancer by protoods (Ascribed in 
Example 16, 18-23). 

lO. SAgRecertors 

It is dear thm certain tissues express receptors for entonrtoxins that are not MHC class n and t^ 
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binding is reserved for selected enterotoxiiis and not others. Non MHC oeU II binding has been 
reportedforcx)! ncarcin ma, mast cells epithelial ceUs and B cells. In a tumor bearing paUent, it 
is desirable for administered SAgs to target tumor cells in vivo, which naturally express 
enterotoxin binding sites or receptors. Natural ligands for these recqjtors are native entcrotoxms. 
However, because of the existence of naturally occurring enierotoxin specific antibodies in the 
circulation, native enterotoxins are incapable ofhinding target tumor ccU or T cells. The isolated 
receptor is used to screen and identify SAg proteins and/or nucleic acids which bind to the native 
or chimeric recqrtor. SAg constructs are produced which target the tumor via its SAg receptor 
while also retaining T cell activating properties. In addition. T ceUs or NKT cells from tumor 
bearing patients are anergized in the course of tumor growth and are incapable of being used as a 
source of T cells for ex vivo stimulation and adoptive immunotherai^. After transfecting these 
cells with nucleic adds encoding enterotoxin receptors, they are cspMe of responding to 
exogenous enterotoxins and are once ag^ a source of T cells useful in adppU 
of cancer by protocols given in Examples 8, 9, 12, 16, 18-23. 

Methods for receptor isolation purification and retrieval of cDNA are given in Exanq)le 12. The 
nucleic adds encoding SAg receptors are transfected into cells by methods given in Example 1 
Tumor ceUs have a natural binding site for exogenousfy administered SAg polypepti^^ In 
addition, nucleic add encoding the SAg receptors are transfected into T cells, NKT cells, or g^d T 
cells of cancer patients which have been anergized in the course of tumor growth. The expression 
of the SAg receptor permits these cells to proliferate and produce THl cytokines in response to 
exogenous native SAg, Hence, these autologous T cell populations are useful in adoptive 
immunotherapy. Likewise, accessory cells are transfected with SAg receptor genes and use^ 
vivo to present SAg to T cells. Further, the nucleic add encoding the SAg receptor is transfected 
into T cells and fused, in fiame, to the nucldc add encoding the TCR-assodated z chain or the IL- 
2 g to produce a chimeric receptor capable of generating a signal for cell proliferation and the 
release of THl cytokiries after bindirig its riatural ligand exogenous SAg. 

In one embodiment, the enterotoxin receptor is immobilized as in Exanqjle 1 2 and used to screen 
oligonucleotide libraries for binding (Gold L, J. Biol. Chem. 270: 13581-13584 (1995)). Avidly 
binding oligonucleotides arc used to mimic the native enterotoxin by targeting the receptor //i vivo. 
They are coupled to the TCR binding site ofanenterotoxiii peptide. In this way, the Irybrid 
molecule is administered to the patient in a form protected fix)m circulating enterotoxin-^mfic 
antibodies. Additionally, a nudeic add molecule is prepared which mimics the enterotoxin in its 
ability to bind to the «iterotoxin receptor on tumor cells and to the TCR on Tcdls. Thisnucleic 
acid mimicking the native enterotoxin is administered to the tumor bearing patients and is capable 
of targieting the enterotoxin lec^r sites on tumor cell and the TCR without being eliminated by 
circulating enterotoxin specific antibodies as in Example 13, 18, 20-23. 

1 l. Tumor Cells that Exmess SAgs and the aGal EnitDtxt 

Tumor cells are for the large part weakly antigenic and poorly recognized by the imniune system, 
various attempts to increase the immunogenidty of tumor cells by transfixtion of various 
cytokines or histocompatibiUty antigens have for the most part been unsuccessfW Hyperacute 
rejection of xenografted organs is a very t^id and dramatic immune event often occurring within 
minutes of vascularization of the xenografted organs. Very recentiy, a major antigenic system on 
xenografts wMdi is the target of this reaction has been identified as aGaIbl-3Galbl-4GlcNAc or 
aGaL This epitope is exjwessed in the tissues ofpigs,gqinea pigs, rodents, dogs, and cows ta^ 
not been detected in human tissue. The present invention improves the antigenidty of tumor cells 
and their recogdtion by the iinrnune systern by providing the Gal qjitope on the ceU sur^ 

alone or together with SAg expressioa 

The aGal eiatope is expressed by endotiielial cells in xenografts such as pig organs is a major 
antigenic target causing hyperacute organ rejection in hurnan transplant patients. This hyperacute 
rejection appears to involve a complMfienl depcntoit mechanism that occurs within a few 
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minutes. An al-S-galactosyltransferase, is an enzyme capable of producing al-3-g^actt)»*M- 
N-acetylglucosanrine moiety by adding a terminal galactose residue to a subtenmnal gatectose 
residue via an al-3 linkage. In addition, the al-S-galactosyltransfeiase b not expressedhyta^ 
andoertainprimatecells. Hunians contain xenoteactive natural antibodies that rea^gmM^ For 
example, airti-Gal antibodies bind to pig endothelial cells that express the Gal epitope These anU- 
Gal antibodies are naturaUy occurring IgM antibodies recently found to be present m large 
amounts in human serum. Surfiice expression of the aOal epitope on tumor cells k achieved by 
tiansfecting a ceU with a cDNA clone encoding the al-3-galactosyltransferase. Whde tumor cells 
are the pirfened cells for tiansfccUon, other cells such as accessory cells or immunocytes are also 
contemplated as being within the scope of this inventioa 

Nucleic acids encoding al-3-galactosyltransferase polypeptides are known (Sandtin, MS et al, 
Pioc NaU AodSci.USA 90: 11391-11395 (1993)). A cDNA done encoding murme 1-3- 
galactosyltransferase is prepared using the known sequence of this protein and Ae poj^nc^ 
S reaction (PCR) technique (Dabrowski, PL c/ ai, TransplanL Proc. 26: 1335-1337 (1994). 
BridBy, two oligonucleotide primers are synthesized: 5'- . . j 

GAATrCAAGCrrATGATCACTATGCTrcAAG-3'. which is a sense pnmer that encodes the 
first 6 amino adds of the mature 1.3-galactosyltiansferase and contains an Hindm restriction site; 
and 5'.GAATrCCTGCAGTCAGACATTATTCTAAC-3', which is an anti-sense pnmer th^ 
encodes the last 5 amino adds of the premature 1-3-galactoiiylttansferase and contains m in-fiame 
termination codon and Pstt restriction site. These primers anqjlify a 1185bpfapie^firom a 
C57BL/6 aieen cell cDNA Ubiaiy that is subsequoitly purified, di^sted wiUi Hindin aM PSU 
(Pharmacia LKB) restriction endonucleases, and directionally doned into HindllWPst I-digested 
exixession vector such as CDM8 vector. After veri^ng the correct sequence, the 1-3- 
galadosyltransferase-containing expression vector is transfected into heterologous cells such as 
COS cdls to confirm activity. ActiviQr can be confirmed by testing transfiected cells for Gal 
ejqnession using the IB4 lectin (Sigma) of Griffoma amplicifoUa that binds to Gal residues. 

In tiie weferred mode, cells transfected witii nucleic adds encoding a SAg are co-transfecte^ 
nuddc adds Uiat encode an -galactosyltransferase. Alternatively, nucldc aads encoding tiie 
transferase are transfeded into a separate ceU population which is coadministered with the S Ag 
transfected cell population. 

The SAg-encoding nucleic add can be transfected into cdls which already eJ^HBSS Galqntope. 
In addition, aiqr cdl can be transfected wiOi tiw -galactosyltransferase-encoding nudeic add. For 
examine. Gal-negative human tumor cells or tumor cell lines such as melanoma or 
adenocarcinoma are transfected witii nucldc add encoding tiie -galactosyltransferase. Tumor 
cells transfected with -galartosyltransferase-encoding nudeic add oqwess the Gal on their surfece 
and are rapidly rejected when administered to a host with preexisting Gal specific antibodies. 

Mdhods of transfection are given in Exaiiq)le 1. 

Human tumor cells expressing tiie Gal e^tope after transfection. become sUongly reacUve wrth 
human serum containing preexisting antibodies to the Gal eiHtope. 
Thus, an Gal-eiqjressing tumor cell is rejected after implantatioa 

The aWUQr of Gal-transfected tumor cdls to induce rejection is demon^rated by implantation into 
sevcrety conqnomised immune deficiant (SCID) mice that have been reconstituted with human T 
and B cells and transfused witii normal human plasma containing tiie naturally occuinng human 

antibodies specific for the Gal epitope. In tiiis case, tumor cells transfected with - 
galactosyltransferase-encoding nucldc add is rqected while untransfected cdls are not 
Similarly, tumor cdls transfixted witii -galactosyltransferase-encoding nucldc add is rgected 
when im^anted into spedes such as humans which synthesize antibodies to the Gal qnttqse 
compared to untransfected control tumor cdls tiiat are unaffected \Ff the treatment 



For exanqrfe, pretieatment wiUi 10*-lo' -galacto^transferase transfected tumor cdls 
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subcutaneousW foUowed by implaiitation of imliaiisfected tumor cells prevents the outgrowth of 
imtiansfccted malignant tumor ceUs. Hence, the -galactosyltiansferasetransfccted tumor cells 
function as a vaccine. Further. -galactosyltnmsferasetiansfected cells implanted into anmials after 
untiansfected tumors arc established induce rejection of an established untransfected tumor. 

To test for the presence of Gal on a ceU sur&ce. 1-3 galactosyltransferase knockout mice that ito 
not express the Gal antigen are used. The 1-3 galactosyltransferase knockout mice are described 
dscwteic (Tearie et a!.. Transplantation 61:13-19 (1996) and Shihkel etal. Transplantation 
64 197-204 (1997)). A syngeneic tumor cell that is Gal negative such as B16 melanoma variants 
is transfected with nucleic adds that encode a given carbohydrate modifying emyme. These 
transfected ceUs are then implanted into the knockout mouse that received plasma contammg Gal 
specific antfljodics. Tumors do not grow in animals containing Gal specific antibodies if the Gal 
epitope is expressed. Thus, hosts implanted with Gal positive tumor ceUs exhibit less growth than 
those exhibited in hosts in^rfanted with tumor ccUs that are Gal negative. 

Gal negative transgenic animals are prqared which are usefid for testing Gal oqMCSsing tunwrs. 
To produce these ammals, nucleic adds encoding Gal fiicosyltransferase are transfected into Gal 
positive mice. The iucosyltransferase dominates the usage of substrate N-aoetyllactosamine and 
predudes-galactosyltnmsferase from utilizingthis substrate. The transgenic mice do not express - 
GalontheceUsurfiice. In this way, transgenic mice with the H antigen rather than the Ga^ antigen 
develop Transgenic gpinea pigs prodndng minimal Gal are also created in this way. These 
ammals are used as models for testing their capadty to reject syngeneic Gal powttve tumore. 
These systems also permit the testing of Gal specific antibodies for anti-tumor effects after they 
are passively infused into animals bearing Gal positive tumors. 

NeuroWastoma and some melanoma cells overejqiress several diaalogangliosides, for exam^e, 
GD2 and GD3. In the present invention, nucleic add^ncoding ^>ecific siaUdases or gluoosidases 
or neuraminidases that cleave terminal sialic add or carbohydrate residues are transfected into 
cells that then express or overwq>ress a ganglioside with an exposed Gal eptope. 

Fucosylated glycolipids such as B groiq> antigens, Lewis blood group antigens, and L^ledin 
ligands are converted to the Gal epitope using the a^iropriate sialidases and glycosyltransferase^ 
enzymes. For exanqjle, a desialylating enzyme is introduced into B group antigen e3q)re»irigcdls 
such that the -1,3-Unked galactose is exposed and now recognized by Gal antibodies. MUdacid 
treatment to remove the brandling fiicose residues on the fiicosylated B antigen is used to ejqjo^ 
the al 3 galactose residues. Alternatively, cells expressing the B antigen or selectin antigen are 
transfected with -gdactosyltransferase-cnooding nucldc add that competes successfully with 
fucosyltiansferases for N-ace^l-lactosamine substrate and preferentially oqwesses the Gal qntope 

Nuddc add encodmg other potypeptides are also used to produce the sur&ce expression of the 
Gal qiitope such as nucldc add encoding glycosidases that specifically cleave carbohydrate 
residues to cjqjose the Gal epitope. Tuinor ceils transfected with iiuddc adds OKXKaiigN-aceQrl- 
glucosamiiQrl transferase show an increased tendency to metastasize and cotonize new organs. 
' These same tumor cells are cotiansfected with nuddc adds encoding SAgs, Staplqrlococcal 
hyaluronidase and erythrogenic toxins as weU as Streptococcal c^ar polysaccharide which 
enables them to secrete enzymes and toxins locally inducing a potent inflammatory and immune 

renjonse at metastatic sites. ^ . . .j j: 

Co-transfcction of tumor cells with nuddc add encoding SAg and nudeic aad encoding a 
galactosyltransferase, sialidase, and/or glycosyltiansferase results in expression of SAg, G^Cct, 
Gal, or other ^^Kpids on the ceU surface. These tumor cells are used to stimulate TorNKT 
cells ex vivo to produce a population (Stumor specific effector ceUs which are dqiloyed for 
adoptive immunotherapy of cancer. 

Mutation of the glycosyltransfetase nucldc add in tumor cells produces a specific LPS containing 
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the CJal/Cer or the Gal which coordinated with genes for protein glycosylation produce the desired 
integrated SAg LPS. 



13. Tumor Cells Expressing SAgs. Glvcosvlc ftratnidefi a nd LPS's and their Receptors 
It appears that anti-tumor responses are produced by a subpopulation of T cells known as NKT 
cells. These cells recognize glycosylceramides with certain specifications which are presented in 
the context of GDI receptors on antigen presenting cells. They produce IL-12 mediated anti- 
tumor responses. Peptides of certain length with hydrophobic sequences have been shown to react 
with various hydrophobic regions of the GDI recqptor and produce an immime re^nse. 
However, these peptides have not been implicated in an anti-tumor response. In the present 
invention, lipoproteins are contemplated which consist of SAg or their major hioreactive domains 
fused to ^ycosylceramides in the context of the CDl receptor. 

To make this construct, CDl positive cells are transfected with nucleic adds encoding 
giycosyltransferas^ that result in GalCer or GlcCer expression on the cell sur&ce and preferably 
in the context of the CDl receptor. The appropriate glycosyltransferase nucleic add is obtained 
from Sphingomonas paucimobilis oxAgelas mauriUanus which are known to express the GalCer 
on their cell surfece. The GalCer and GlcCer moieties are recognized by NKT oellVa invariant 
chains in the context of CDl receptors on antigen presenting cells. CDl positive cells are 
cotransfected with nucldc adds encoding SAgs The resulting CDl positive cells ooexpress both 
GalCer and SAg on the cell surfece or in the context of CDL The GalCer and SAg presented 
simultaneously as a complex and/or separate fiom each other on the cell sur&ce, in the context of 
CD 1 produces potent activation of NKT cells due to recognition of SAg by NKT cell Vb chain 
and GalCer by the Va invariant chain. Such GalCer-SAg complexes are loaded onto the CDl 
receptor and presented to NKT cells in this fashion. A SAg peptide capable ofbinding to the TCR 
and activating the T cell is useful for coupling to the Gal-Cer before or after it is positioned on the 
CDl recqrtor (See Examples 1-4, 5). 

CD 1 positive antigen presenting cells or tumor cells bearing the SAg glyoosy Iceramide are used to 
stimulate a population of NKT cells ex vivo which is then useful in adoptive inmiunotherapy of 
cancer by protocols given in Examples 7,15, 16, 18-23). They are also useful when administered 
directly in vivo to tumor bearing patients to produce an anti-tumor response. (See Examples 18- 
23). 

In the present invention, rmcldc adds encoding the CDl receptor are transfected into tumor cells 
in vivo or ex vivo. Martin LH. et al Proc. Natl. Acad. Sd. USA 83; 9154-9158 (1986). Nucldc 
adds encoding the CDl receptor are also cotransfected into tumor cells with nuddc adds 
encoding the SAg receptor. A tumor cell expressing a chimeric receptor comprising sequences of 
GDI and SAg receptors is also produced by transfection of fusion muildc acids encoding both 
recq)tor5. The transfected tumor cdl expresses dther dual or chimeric receptors which bind SAg 
and GalCer independently or as fusion jnotein or conjugate. Likewise, tumor cells are transfected 
with nucleic adds encoding CD14, the LPS receptor, (Ferrero, E. et aL, J. Immunol. 145: 331-336 
(1990)) a leudne rich receptor glycoprotein found on no^eloid cells with a LPS binding site 
' between amino adds 57-64. Nucldc adds eiuxxliiigCDU are transfected into tumor cells 
together with nucldc adds encoding SAgs and resulting tumor cdl expresses several receptors or 
a single chiinericrecqytor with preserved consent biriding sequences comnK>n to eacL These 
tunujrceU transfectarits are capable ofbinding exogenous SAg and/or LPS arid or Ga^ The 
resulting tumor cells with bound SAg, and/or Gal/Cer and/or LPS activate a population of T cells 
and/or NKT cell to produce tumor specific effector cell which are usefiil in the adoptive 
immunotherapy of cancer by methods in Example 1-7, 12, 15, 16, 18-23). The tumor cell 
transfectants are also administered as a vaccine or to hosts with established tumors as in Example 
19-23. 

Alternative splidng and utilization of cryf>tic splice sites generates alternative reading frames and 
secretory isofonns of CDl, CD14 and SAg receptors. Woolfson A. et aL, Proc. Natl. Acad. Sd. 
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USA 91 : 6683-6687 (1994). These soluble receptors are immobilized on solid surfaces such as 
polystyrene plates or beads arid biiid their respective Ugandse.& In this form, 

the GalCer and S Ags activate T cell or MKT cell to produce a population of tumor specific 
effect rTceU or NKT cells useM in adoptive imnumotherapyofcancerbjrni^ods given in 
Examples 7, 15, 16, 18-23). 

14. SAg-Activated Tumor Specific T Cells. NKT Cells or g/d T Cells Expressing CD44 for 
A<to0tive Immunotherapy 

It is imperative that T cells, NKT which are stimulated in vivo or ex vivo by the S Ag constructs 
given herein are capable of trafficking and homing effectively to tumor sites. CD44 e?qnession on 
T cells after SAg s^ulation, is an indicator of upregulated adhesive capacity which is requisite 
for the homing of S Ags to tumor sites. T cells or NKT cells or cells transfectsd with nucleic acids 
encoding SAg receptors i.e. tumor cells or accessory cells are stimulated by SAgs in vivo or ex 
v/va to express CD44. These CI>44e?qiressingT cells are enriched and expanded and then 
harvested for use in adoptive therapy of cancer by protocols given in Examples 7, 15,16, 18-23). 

Transfection of cDNAs encoding soluble isoforms of CD44 into tumor cells results in the local 
release of soluble CIM4 which inhibits the ability of endogenous cell sur&ce CD44 to hind and 
internalize hyaluronate and to mediate tumor cell invasion. Mice injected with tumor cell 
transfected with the CD44 isoform showed not tumor metastases. Such tumor cells shown to 
undergo ^ptosis. These transfectants displayed a marked reduction in tbek ability to internalize 
and degrade hyaluronate. Therefore, C£>44 fimction promotes tumor cell survival in invaded 
tissues possible as a result of inqsairing their ability to penetrate the host tissue hyaluronan barrier. 
In the present invention, SAg-enooding nucleic add is oo4ransfected or fused to nucleic adds 
encoding CD44 isoforms. These transfected cells are capable of migrating to sites of metastatic 
tumor in tumor bearing hosts and eUdting a potent anti-tumor respond The combined apoptotic 
effect to the CD44 isoform with the enhanced immunog^city of the SAg produces a powerful 
synergi^c anti-tumor response. The nucldc adds encoding the CD44 isoform and SAg are 
transfected into accessory (DC)/tumor cell hybrids. In addition, to i»:esenting tumor antigen and 
SAg to the inumme system and itiMbiting metastases, the CI>44 isoform prodiK:es apoptosis of 
the fusion cell which in turn is ingested by DCs resulting in enhanced immunogenidty and a more 
potent tumoriddai refuse. These corniced traiisfectants are used prderablyagairist established 
tumor according to protocols in Example 19-23. 

NKT cells or T cells that do not produce CD44 after SAg stimulation do so after transfection with 
nucldc adds encoding CD44 or transferases such as N-acetylglucosaminyl transferase HI or CI>44 
(Sheng, Y. et a/., Int J. Cancer 73, 850-858 (1997); Nottenberg, C. et ai, Proc. Natl. Acad Sd. 
USA 86: 8521-8525 (1992)).The latter enzyme synthesizes bisecting N-acetylglucosamine 
structures on asparagine linked oligosaccharides. GlycosylationofC]>44 by these transferases 
produces enhanced CD44 mediated adhesion to immobilized hyaluronate. S Ags are used to 
activate T cells which have been transfected with nuddc adds encoding N- 
acefylghioosaminyltransferase ni The SAg stimulated transfectants display increased CD44- 
, mediated adhesion, as well as lynq>hocyte homing and trafBddng. Certain T cell, NKT cell or /T 
cell populations which are unable to e?qiress CD44 after SAg stimulation are transfected with 
nucldc adds encoding CD44 befcMre s^isitization with SAgs. These cells e^qsress CD44 after 
immunization with SAgs in vivo or in vitro. These additional populations of effector T cells are 
useful in adoptive immunother^ of cancer by methods given in Examples 5, 7, 15, 16, 18-23. 

15. Tumor Associated Anti^ns indude 

(1) Normal structures, e.^., differentiation or tissue specific antigens, 

(2) Mutated normal structures 

(3) Products of alternate reading fi:ame or fusion of several g^es 

(4) Chimeric products resulting fiom cell or gene fusion 

(5) Xenogendc antigens ("xenoantigens") 
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A tumor antigen (also caUed "tumor associated antigen) is any antigenic structure e;q>ressed by a 
tumor cell For example, tumor antigens include mutated products of various oncogenes and 
genes that are ejqiressed in tumor cells generally. Mai^ tumor antigens associated with particular 
types ofcancere are known. For example, tunror antigens associated with breast, colon, and lung 
cancer are known and have been cloned. Common melanoma antigens recognized by T 
lymphocytes have been identified and are used as immunother^jeutic antigens for treatment of 
melanoma. Five gwies encoding different melanoma antigens have been wfcntified. For example, 
MAGEl and 3 , exjaessed on melanoma and other tumor cells, are recognized by cytotoxic T 
lymphocytes (CTL) in the context of HLA-Al (Van der Bruggen P et al , Science 254: 1643 
(1991) and Gauler B et al, J. Exp. Med. 179:921 (1994)). MART-1 idenUcal to Melan-A 
(Kawakami et al, Proc. Natl. Acad Sd. USA 91:3515 (1994) and Coulie et al, J. Exp. Med. 
180*35 (1994)); gplOO (Kawakami et al, Proc. NaU. Acad. Sd. USA91:6458 (1994)); and 
tyrosinase (Brichard et al, J. Exp. Med. 178:48 (1993)) are melanocyte Uneagp-related antigens 
expressed on both melanoma and melanocytes. MART-1 and gplOO have been shown to be 
recognized by MHC-class I-iestricted CTL in the context of HLA-A2, and tyrosinase in the 
context of HLA-A2 and HLA-A24 [Robbins et al.. Cancer Res. 54:3 126 (1995)]. An additional 
list of tumor antigens useful in this invention is given in Rosenberg, SA. Prindples and 
A pplicaUons of Biologic The ra py in Cancer Prindoles a nd Practice of Oncology DeVita, VT., 
Hellman, S., Rosenberg, S. A., e&, J.B. Lippincott (i). Philadelphia, Pa. 1993. 

In addition tumor associated antigens are defined as including normal structores expressed in 
tumor cells, mutated normal structures, normal differentiation- or tissue-specific structures, 
products of alternate reading frames of the same genetic regions, chimeric products of several 
genes that originated in a parental or in a fiised, hybrid cell. This also includes gene products 
expressed in association with MHC molecules or other sui&ce receptors, organelles or vesicles. 
Tumor cells expressing tumor-associated antigens are transfected in vivo or ex vivo with nuddc 
adds encoding a SAg alone or together with nuddc acids encoding other products, such as those 
listed in Tables I and n. These include surfeoe antigens and receptors such as the Gal epitope, 
GalCcr, CDl, CD14 and SAg receptor. The transfected cells may be of host origm, or syngendc, 
allogeneic or xenogendc; the ceUs may be non-malignant. S Ag-encoding nucleic add may also 
be inserted into a mutated normal gene in a tumor cell, e.g. , LDL receptor gene in a melanoma 
cell. The IJDL receptor is expressed as a fiision product oftheU^Lrecq^tor gene (chn)moson^ 
19) and a fructose transferase gene on the same chromosome. This comtHnation results from 
chromosome irwersion which gives rise to the fusion product probably due to recombination 
between the two ends of this chromosome. The expressed peptide epitqje is therefore a nonsense 
sequence bdng read in the wrong direction. The three base pair mutations in the third open 
reading frame results in the expression of a mutant peptide. Site directed mutagenesis can be 
achieved by insertion of SAg-encoding nuddc acid into the mutant gene at any feasible site or by 
targeting insertion in place ofthe mutated base pairs. The resultant LDL receptor displays the 
SAg alone or as a chimera with the mutant sequ^ice. Site directed mutagenesis by SAg-encoding 
nucldc add may also target the bcatenin gpie which in mdanoma shows a single C-T mutation 
which results in a ser to phe substitution and the genaalion of the 9 amino add mutant peptide. 
* The SAg-enoodirig add may be inserted or may substitute for any sequence in a norn^ 
mutated gene, a tissue-spedfic or differentiation-associated gene in tumor cells, or other genes 
oqiressingthdr products in a tumor cell Prefcrabty, the mutated gene product is immunogenic 
and recognized as a dominant epitope by the host immune system, preferably by T cells (including 
tumor infiltrating lymphocytes). The mutated sequence may, in contrast, be a weak immunogoi 
which is rendered more immunog^c when presetted in the context of a SAg. 

In the piefened embodiment, the transfected cdls are tumor ce^ 
defined tumor assodated antigen such as MART-1. If the tumor antigen is not exinessed or 
weakly expressed on tlw transfected cells, then the tumor cell is transfected with nucldc adds 
encoding an immunogenic tumor antigen such as MART-1, tyrosinase or MA(ffi-l in addition to 
SAg and (Aher constructs described herdrt 
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The tumor cells mzy be transfected in vivo by administeimg nucleic acids encoding S Ags and/or 
the other nucleic acid constnicts described above using a site directed mutagenesis approach in 
vivo and methods such as <fescribed in Example 1, 3, 18-23. Tumor cells may also be tiansfected 
ex vivo by methods given in Example 1-3. £x vivo transfected tumor cells are used as vaccine or 
to treat established tumor by methods and protocols in Example 18-23 They are also useful ex 
vivo to immunize T cells or NKT cells to pxxhice a population of tumor specific effector cells 
adoptive immunotherapy of cancer by methods and protocols given in Examples 7, 15, 16, 18-23. 

16. Immunostimulatoiv Sequences 

Several of constructs consist of nucleic acids encoding SAg peptides which produce anti-tumor 
responses by activating host TH-1 CD4+ T cells to proliferate and produce tumoricidal cytokines 
such as IL-la, n^lb, IL-2, ILr6, TNFa, TNFb andlFNg. The incorporation of the 
immunostimulatory sequence into the genetic construct of SAg DNA, ensures that the T cell 
response is skewed to produces a predominant proliferation of THl cells and production of a THl 
cytokine profile. Immunostimulatory sequences (ISS) consist of DNA sequences that exhibit 
immunogenidty. Briefly, idasmid DNA (pDNA) having short immunostimulatory DNA 
sequences containing a CpG dinucleotide in a particular base context were shown to be 
immunogenic (Tokunaga J et al , J. NaU. Cancer In^ 72:955-962 (1984)). By synthesizing single 
stranded nucleotides corresponding to different regions in the Mycobacterium bovis genome, 
specific single stranded oligonucleotides that activate adher^t splenocytes and enhanced natural 
killer cell activity have been identified. In addition, single stranded oligonucleotides with CpG 
motife induce B cell proliferation and secretion of m-6 and IFN (Krieg et al. Nature, 374:546 
(1995)). The activation capabihty gprieraUy has the formula 5*-Pur-Pur-C<j-I^-I^ Further, 
human monocytes transfected with pDNA or double stranded oligonucleotides containing ISS 
transcribed large amounts of IFNg and IL-12 (Sato e/ a/.. Science 273:352-354 (1996); 23iue/ a/.. 
Science 261, 209-211, (1993)) Direct gene transfer with plasmid-cationic liposome conq)lexes 
resulted in lasting, generalized or tissue specific expression of the injected genetic irtienotype. 

In the present invention, the ISS is inserted into nucleic acid sequences of SAgs and tumor 
associated antigens which are used to transfect tumor cells, antigen presenting cells, accessory 
cells including muscle cells in vitro or in vivo by methods given in Example 1-3, 15, 16, 18-23. In 
all instances, the SAg stimulation of the T cell response is critical to an effective anti-tumor 
response of the ho^ The presence of the ISS ensures that the SAg nucleic adds preferentiaUy 
activate the IHl after in vivo administration of the rmcleic adds encoding SAg. SAg DNA is 
useful ex vivo in activating T cells by direct transfection or by presentation via incubation with 
pretransfectedantigen-iiresenting cells or tumor cells. The tumor specific Teflfector cell are then 
useful for adoptive therapy of cancer using protocols given in Examples 7, 15, 16, 18-23). A 
particularly useful method involves the intratumoral injection of rmcleic adds encoding SAgs. 
The latter is adniiriistered in naked, idasrnid or liposornalforrnu Once tumor in f l a mmati on is 
initiated (generally within 1 5 days after injection), the host is given T cells or NKT cells which 
have been imrmmizedi/iw/ro to the tumor by tumor cells transfected with nuddc adds encoding 
. SAg plus additional constructs given in Tables 1 and II by methods given in Exanqdes 7, 15 16 
18-23. 



Liposomes containing repeating units of the Gal qritope, GalC», and/or SAgs are constructed and 
administered directly into a tumor. These elements are combined before incorporation into 
liposomes or they are added individually in the preparative procedure. M^ods for preparation of 
these liposomes are given in Examples 5. These liposomes are preferentially delivered 
parenterally or direct^ ii}tp thj^ tHUwr. The administration of SAgs in this manner provides a high 
local concentration of SAg to stimulate an anti-tumor response. These liposomes are also useful 
ex vivo by activating a T cell or NK T cell population which is then harvested and used for 
adoptive immunothempy as described in protocols in Examples 5, 7, 15-17, 18-23), 
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IS. Tumor Cells that Induce Cellulitis 

Transfection with microbial nucleic acids that encode tissue ^Heading factor (hyaluionidase), 
erythiogenic toxins, enterotoxins; capsular polysaccharides 

from 51 aureus and Streptococcus pyogenes, S, aureus and S, pyogenes have potent tissue invasive 
properties. Specifically, ^apl^loooccus and Stref^ocoocus are c^}able of invading tissues by 
secreting several enzymes which lyse ground substance ^ch as mucopolysaccharide, hyaluronic 
add, or chondroitin sulfate, create local thrombosis, and initiate infLammation and edema. These 
enzymes consist of hyaluronidase, streptokinase, strqitodomase, erythrogenic toxins as well as 
various entorotoxins (Example 3). In the present invention, the nucleic add sequaices encoding 
these potent enzymes are transfected into tumor cells, dther in vitro or in vivo ^xamplesl- 3, 6, 
15, 16, lS-23). //iv/ vo, the transfeaed tumor cells niigtate to sites of existing metastases. The 
transfected tumor cells secrete the enzymes which hydrolyze the tumor ground substance and 
neovascttlature and toxins to induce inflammation and an immune response in tumor tissue. 
Tumors which are encased in nests of connective tissue are eliminated by tUs process. The 
resulting increase in local vascular p^meability induced by the combined e£kct of ^izymes and 
toxins produces intense inflammation at tumor sites. If their administration is timed to the peak of 
tumor inflammation, liposomes as described herein and chemotherapy are sequest^ed and 
concentrated in the inflamed tumor bed produdng an augmentation of the tumoriddal response. 

A relatively low number of transfected tumor cdls with the complete microbial aizymatic and 
toxin genetic construct would be required to induce a tumoriddal e£^. The population of 
transfectants would then proceed to secrete these microbial enzymes locaUy. In addition, nucldc 
add encoding these enzymes are derived from a strain of Staphylococcus or Streptococcus such as 
Staphylococcus epidennidis or Streptococcus bovis of low or intermediate virulence. 

Tumor cells are cotransfected with glycosyltransferases or treated with glyoosyltransf^rase- 
indudng agents resulting in the expression of the Gal epitope and reduction in the survival time of 
tumor cells For example, the nucldc adds encoding the gfycosyltransferase from Sphingomonas 
paudmobilis oxAgelas mauritianus produce GalCer are transfected into tumor cells to induce the 
surfece expression of GalCer or Gal. The tumor cells then express and/or secrete micn^alagients 
such as S Ags, hyaluronidase and eiythrog^c toxins that hydrolyze the ground substance of the 
tumor. By also displ^ngSAgsaiui -Gal or Gal/Cer epitopes wMch activate >QCTceUs,Tce^ 
and Gal spedfrc antibodies the transfected tumor cells induce i»ofonnd tumoriddal activi^. 
These transfected tumor cells are used to activate a population of T cells to become tumor specific 
effector cells which are employed for the adoptive immunotherapy of cancer. See Examples 1, 2, 
4-5, 7, 15, 16, 18-23. 

For in vfv0traiisfection of tumor cells, the microbial genetic nuddc adds are targeted to tumor 
cells as described herein (See p. 12 "Transfection", Exanqdes 1*3, 6, 19). Once localized in tumor 
sites in Wvo, the tumor cell is capable of hydrolyzing surrounding stroma and, initiating 
thronibosis, iriflamrnation, and increased tissue permeabili^. Additional microbial nuddc add 
encoding proteinases, lysoproteinases, tissue spreading Actors, a and b hemolysins and toxins are 
also transfected into tumor cells and used in accordance with this inventioa 

Micrometastatic disease in cancer patients is of great concern as it often goes undetected and is 
refractory to diemotherapeutic agpnts. Documented metastases in breast cancer patients is 
associated with a poor prognosis. The present invention contemplates that the metastatic 
properties of tumor ceUs coupled with the poterU inflammatory properties of the microbial 
products aro useful in tracking and eliminating micrometastatic disease in tumor beaiing patients. 
Tumor cells are transfected with nucldc add encoding polypeptides involved in metastasis. These 
include but are iKit liiiuted to pq)tides th^ upregulate the adl^sive prc^^ 
glycosyltransferases), the c-erbB-1 encoded EOF receptor which is associated with enhanced 
metastases in breast carcinomas or c-eibB-2/nra encoding the pl85 receptor associated with poor 
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prognosis in breast and ovarian carcinomas. These cells with metastatic activity are programmed 
to traffic, home and colonize specific sites of existing metastases the tumor bearing h st. Hence 
they have the unique property ofcharting the micrometaslatic sites of the tm Thesetumor 
cells are cotransfected with microbial nucleic acids encoding the hyaluronidase, erythrogenic toxin 
andenterotoxinsaswellastheGal. Hence, as they colonize metastatic sites, these transfectants 
induce a potent inflammatory and immune response. This ensures their own destruction together 
with the surrounding untransfected micrometastatic tumor cell population and neovasculature and 
stroma. Methods of preparation, adnunistration and assessment of these transfec^ 
bearing hosts are in Exan^le 1-3, 1^23. 

The tumor cells are also transfected with the above microbial genes on a DNA template with a 
tissue specific promoter in order to target the activity of these tiansfected tumor cells to the vital 
organs (and sites therein) affected by the existing metastatic tumor For breast cancer, this woidd 
be lung, liver or brain. These organ-specific promoters ensure that the expression of the microbial 
products would occur in the organ(5) targeted by the tissue specific promoter 
The same tumor cells are also prafvided with indudWe promoter sequences which control the level 
of receptor transcription and expression Inducible promoters suitable for use in mam m alia n cells 
include the MMTV-LTR under the control of steroid hormones and the metallothionein promoter 
under the control of heavy metal ions. In this case, the microbial nucleic acids are linked to 
steroid inducible gene sequences. Transcription is trigg^ when these cells are exposed to a 
threshold level of steroids. Hence,twotothreed^afteradministrationto the host, when the 
above transfectants have colonized tumor metastatic sites, a bolus of corticosteroid is administered 
which initiates transcription of the microbial enzymes and toxins by the tumor cell transfectants 
and their secretion In this fashion, the transfected tumor cells express and secrete their 
inflammatory p:oducts in metastatic tumor sites resulting in the elimination of metastatic disease. 

1 Q TiimAT rfti^ mlm jcs of virulcnt bacteria: transfection with nucleic add encodin g bacterial 
invasins. virulence factors, and enzvmes th at dep;rade extracellular matrix 
Tumor cells with a metastatic phenotype are transfected with nucldc adds encoding proteins with 
the capsidxy to invade and adhere to inflammatory cdls such as macrophages (adhesins and 
virulence factors). These genes are indudble and controlled by operons. 

SAg-encoding nuddc add is fiised in frame to nucldc add encoding oncogenes involved in 
tumorigenesis and metastasis. Examples of such genes, in addition to erh/neu, erb, erbB2 and 
EGF (epidermal growth factor receptor) discussed above, indude ray and mutated /-as, erk, and 
OTto/, lS2mtsl, nm23 (See Table 9.5, pl81 of Franks L.M. et al. Cellular and Molecular Biology 
of Cancer, Oxford University Press, Oxford UK, (1997) which is incorporated by reference) . as 
well as the laminin-integrin and the cadherin family. These genes are particutoly useful because 
they are overeaqnessed in tumor cells disidaying a metastatic phenotype. 

Invasins 

SAg-«ncoding nucleic add is fused in fiame or cotransfected into tumor cdls with nucleic acids 
encoding bacterial invasins and hyaluronidases. The invasin imparts leukocyte like activity to 
bacteria is transfected irito tumor cells which aUows the tumor cells to penetrate tissues. Theseare 
exeny>lified by Yersinia pseudotuberculous invasin and hyaluronidase (including its various 
isotypes) and also known as tissue spreading factors. The invasin gene exemplified in K 
pseudotuberculosis encodes a protein located in the outer membrane of the bacterium called 
invasin (Inv) and the gene is known as i/fv. The DNA region of the inv gpne contains a open 
reading frame 2964 bases. This protein binds to the host cell surface by means of the C^erminal 
192 residue region. Mutation by insertion of a transposon or elimination of the /w gene greatly 
impairs the ability of the bacterium to pen^rate tissues (Schaecto- Me/ a/.. Genetics of Bacteria 
edited by Baer GM et al, in Mechanisms of Microbial Disease Williams and WiUdns Baltimore 
(1993)). 
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The host membrane receptors for invasin belong to the integrin superfemily with a particular 
affinityforVLA-3,4,5,6. Invasin also bind to TceU a4bl which is involved in lymphocyte 
homingortraffic Once bound to a phagocyte, phagocytosis is triggered and the bactenum is 
takenup. Nucldc adds encoding Inv are transfected into tunwr cd^ 
tumor cell a phagocytosis triggering signal for host macrophages. 

K coli genes of the P pili or pap operon encoding adhesin proteins have been isolated from 
chromosomes and plasmids. The gene cluster is Unked to g^nes for other vinilence determinants 
such as the KI capsular polysaccharide and hemolysia The receptor forthepiU is the Gal(l-4)Cial 
moiety oftheP blood groiq) antigen. Examples of host ceU receptors for bactenaladhesms is 
given in Table 7.2 of Patridc and Larkin. Pilin genes in M meningitidis encode protems is which 
the fimbriae are the N-mcthylphcnylalanine jnli. An extensive region of ammo acid homology at 
the N-terminal end is common to a wide range of bacterial genera indudingPi^i/^^^^ 
aeruginosa. M gonorrhoeae. N. menigitidis. Moraxella bovis and Bacteroides nodosus. This N- 
terminal region is highly hydrophobic which is in contrast to the fimbriae of the 
Enterohacteriaceae which dther have a tydrophoWc region at the C4erminal end or lack a 
Iwdrophbbic region altogether. Of interest is the presence of a site on SAgs which resembles the 
third Ig-like disulfi^-lsridged loop of VCAM-1 and a conserved sequence is present within the 
same subregion of the fifth Ig-like VCAM-1 loop. The only known receptor for the VCAM-1 is 
VLA-4, an adhesion molecdeesqpressed primarily by activated T and Bcdls. A survey of target 
ceU susceptilriUty to SEC dependent lysis shows a corr 
susceptibility to lysis. 

Tfcaluronida «r^ Pmtpggpg 

Bacteroides spedes produce hyalmonidase, heparanase, and chondroitin sul&tase enzymes. C. 

perfringens m toxin is a hyalmonidase enzyme and Bacteroides and C. perfringens produce 

elastase and collagenase enzyme while Po/77A>raOTo«ay g/wg/vfl^^^ 

oollagenase. 5i>'e/7/ococcM5/^geng5 produces hyaluronidase enzymes which depoly^ 

own capsules. Neuraminidases and endogjycoddases. Upases, nudeases and proteases produced 

by a wide variety of bacteria are also useful in this invention as capable of pn^ 

necrosis in tumor masses and/or tumor nests. 

The stapltylococcal invasive genonie is predominantly chromosomal and the nuc^^^ 
segments encoding the major invasive enzyme systems, permeability factors, and toxins have been 
isolated, doned, and sequenced. For example, the nucldc add sequence encoding a l^aluromdase 
from group A Strcjrtococcus strain 10403 is described elsewhere (Hynes et ai , Infert. Imnmn, 
63:3015-3020 (1995)). Tumor cells transfected with nucleic acids encoding microbial invasive 
and inflammatory substances are preferentialty used //I v/vo where thqr are 
to metastatic sites and/or organs primarily infiltrated by the tumor. Once situated in tumor, they 
commence secretion of thdr inflammatory enzymes and toxins. Protocols for thdrpr^Mration, 
use, and assessm^ are given in Examples 1-3, 18-23. 

Consolidation of Bacterial Genes 

The microbial nucldc ad<b encoding hyaluronidase, erythrogenic toxins proteases, coagulases and 
enterotoxins arc consolidated into a chimeric construct or plasmid and transfected into ttinwr cells 
which then commence season of the spreading fectors, pro-inflammatory and permeability 
inducing a^nts. For exanqde. a single construct or multiple constructs contains the nudeic acid 
encoding polypeptides induding, without limitation, enterotoxin B, hyaluronidase, streptokinase, 
coagulase, Staphylococcal protease and erythrogenic toxins. 

Tumor cdls transfected with the above microbial genes arc prepared as in Exa^ l-3andare 
leed in the treatment of established and metastatic tumoror as a preventative vaodne as descnbed 
inExanqiJes 15-23. 

20.CondMnedExMession of Difiiercnt Stinmlatorv Mole cules bv Co-transfection of Tumor C^lls 



35 



r Fusion of Singly Tia ngfected rells . 

Tumor odls that express two diflferent types of exogenous molecules are produced by either 
cotransfiBCtion of the same cells with (a) SAg-enooding nuddc acid and (b) nucleic add encoding 
a toxins or autolysin, or by fusion of tumor cells that have been singly transfected with (a) with 
tumor cells transfected by (b) 

Tumor cells are provided which have the dual c^dty to colonize metastatic tumor sites in vivo 
and induce inflammation. Once situated in sites oftumor metastasis, the tumor cells behave like a 
necrotizing bacterium or leuko(^e. For example, tumor cell are transfected with nuddc adds 
encoding bacterial invasins to promote adhesion, "tissue spreading factor" or fayaluronidase to 
hydrolyze the ground substance, coagulase to induce local thrombosis and str^tokinase and 
streptodomase. In addition, tumor cell are provided with nucleic adds encoding bacterial toxins 
which bind and produce autolysis arid cytotoxidty for surn>undiiig tissue a^ The 
tumor cells are also cotransfected with additional micleic adds encoding SAgs. The toxin g^es 
useful herein are amplified by providing two copies tandemly duplicated on a chromosome and 
linked to an amplified oncogene. Situated in tumor tissue, these transfected tumor cells release 
enterctoxins as well as inflammatn Ty ettTymeSj immunogenic capsular lipoproteinsL cell wall 
LPS*s and cytolysins. This evokes a potent T cell and inflanamatory response in tumor tissue. 
These inflammatory genes are indudble at the levd of the qperon or in some instances 
bacteriophage which controls tbsir activation. Transfected tumor cells are transfected with 
microbial nucldc adds given above either in vitro or in vivo at tumor sites as in Example 1-3, 5, 
16-23 and p. 1 1 under "transfection". 

The5. ozrreii^atoxinfornispoiesortransrnembranechaimelsinawiderangeof hostc^^ Itis 
released fiom the bacteria during eTqxmential growth and has a molecular mass of 33 kDa. 
Expression of the gene encoding the a toxin, hly, is under the control of the agr gene which 
coordinately controls the expression of a number of extracellular protdns, including exfoliatin 
toxin, toxic shock syndrome toxin, a, b, and d toxins, enterotoxinB, lipases and nucleases. Theb 
toxinisapho^hoUpasewMchattadcsasphingonQrelinintheoeUinernbranes. The phage 
encoding the toxin is hlb. Exfoliatin toxin A is encoded by a chromosomally located gene eta and 
the gene for toxin B is etb. The eta gene is by the agr gene regulator which is a member of the 
histidine-proteinldriaserespoiise regulator superfamily. (Patiids^SetaL^Immunoloffcal and 
Molecular Aspects of Bacterial Virulence, John Wiley and Sons New York, N.Y. 1995) 

SEB hinds to glycosphingolipids on cell membranes. The gangUoside binding site on SEB is 
overexpressed, or a myristoylation site or GPI binding site is integrated into its structure so that it 
is bound to the sui&:e<rf' the tumor cell membrane and not secreted The SEB will preferential^ 
bind to tumor cell e^qiressing gaiigUoside tmnor assodated aritigens and will augm 
^3 immunogenidty of these antigeos. 

S, aureus produces a bifunctional protein autolysin of 1 1 0-]d:)a,(Hly A) via tte atl gene that has an 
N-acetylmuramoyl*L-alaiiine amidase domain and an endo-b-N-acetylglucosaminidase domain. It 
undergoes proteolytic processing to generate two extracellular enzymes that are secreted The 
specific secretion proteins HlyB and HlyD are 80 kDa and 54kDa respectively. Theprocessis 
. direded fay the M^'S and A/^'D genes which are contiguous and co-expressed wit^ 
hylA genes that are required for the synthesis of protoxin and the aqrl carrier protein-dependent 
fatly acylation that matures it to cytolytically active toxin. Hemoly^ is secret as the mature 
acylated form of the MyA gene product proHly A following the cogent attachment of a iat^ add 
moiety in a cytofdasmic mechanism directed by the dimeric HlyC activator, a putative acyl 
transferase and dependent upon the acyi carrier proteia This specific aiui novel HlyC-directed 
faXsy acylation is required to target the hemolysin toxin to mammalian cell membranes prior to 
forming cation-sdective pores and disrupting the host cdl. 

Bacteria such as K coli^ Bordetella pertussis, Pasteurella haemofytica, Proteus vulgaris and P, 
m/ra6/7/^ produce geneticalfy related toxins. Their activity is dependent on the presence of 
caldum ions. Characteristically, they have regions of 10 to 47 rq)eats within the amino add 
sequence and termed repeats in toxin or RTX gene family. The repeat sequence contains the 
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following nine amino acids; leudne-X-glydne-glydne-X-^yciiie-asparagine-aspartic acid-X 
where X is a variable amino add. These rq^eats are required for hemolytic activity. Alargp 
hydrophobic region of the hemolysin separate firom the repeats, is also essential for activity and 
may be involved in the interaction with the host cell membrane. The hemolysin A of £^ colt 
apparently form pores on the taigjet cell membrane. This requires a 20 Id)a product of another 
gene HlyC before it becomes actively hemolytic. In £ co/i, the operon for the production of the 
hemolysin contains four g^es hlyA which codes for the structural hemolysin and hlyC which is 
required for activation of the Hy A. The other two genes A/yB and A/^'D are involved in the 
transport of HlyA to the extracellular environment Pasteurella haemofytica leukotoxin and 
Bordetella pertussis adenylate cyclase hemolysin have similar C4erminal sequence and associated 
genes analogous to those in the hly operon. (Koronakis Vetal,, Secretion of Hemolysin and other 
Proteins out of the Gram-Negative Bacterial Cell, in Ghuysen JM et al , ed. Bacterial Cell WalL 
Elsevier, Amsterdam (1994)). 

The Shiga toxin Shigella dysenteriae and Shiga-like toxins of E coli (Verotoxins) are a family 
of related toxins whidi have similar amino add sequences and biological activities. The A 
subunit of Ship toxin has a molecular mass of 3 1 kl>a which associates with five to the 7 kDa B 
subunits. The A siibunits is proteolytically cleaved into Al and A2. It is the Al fragment which 
is biologically active. The host cell receptor for Shiga toxin is the glycolipid Gal(al-4)GaI(bl-4) 
GlcCeramide (globotriosylceramide; Gb3) and for Shiga-like toxin I (SLTI) and SLTII off! coli 
is Ga](al-3)GalCeramide (Galabiosylceramide). The binding specifidty is dependent on both 
sugars residues and the lipid moi^. The Shiga toxin is known to iiihibit protein synthesis. Itisa 
RNA N-glycosidase enzyme whose site of action is the 60S ribosomal subunit The toxins 
remove an adenine base fo>m position 4324 on the aminoacyl -transfer RNA binding site of 28S 
ribosomal RNA hence preventing peptide length elongatioiL The effect on protein synthesis is 
similar to that of diphtheria toxin and Pseudomonas aeruginosa exotoxin A. The SLTI and 11 
toxins off*, co// and encoded by lysogenic phage. Its expression is controlled by iron 
concentration in the growth medium by way of the fiir gene and iron box repressor protdn binding 
site. Clostridia difficile toxins A and B also bind to anomeric galactose epitopes on cell 
membranes and induce membrane assodated enzymes and inhibit G protein activation whidi 
results in cell deatL Tumor cells transfected with a galactosyltransferase genes to produce the a- 
Gal epitope are suscqytible to lysis by both the Shiga-like toxins and C difficile toxin. The 
expiession of the a-Gal epitope is enabled hy the transfixtion of micldc acids encoding -Gal 
transferase into tumor cells. 

Listeria monocytogenes produces a hemolysin, listerolysin O (LLO), a member of the thiol- 
activated fkmily of cytolysins. LLO is encoded by the gene hyl (also designated hyl A and lisA). 
Listerolysin O toxin is a pore forming toxin which degrades the membrane of its phagocytic 
vacuole allowing the bacterium to escape into the host cytoplasm. This gene doned into Bacillus 
siAftilis enables the bacterium to grow rapidly intracellularly in the cytoplasm of a macroidiage- 
like cell line after disnqiting the phagosomal cdl memteane. 

Tumor cells are transfected with the above microbial nucldc adds as in Example 1-3. These 
transfectants are usdul /n vfva against estabhshed tumor and nucrometas^ 
15, 16, 18-23). 

21 . Augmentation of Tumor Cell Immunopenidtv bv Bacterial Products: Transfcction with Genes 
Encoding Bacterial Antigens or Receptors for Bacterial Products 

Tumor cell are jnoyickd wi th augn»nted antigenidty fay expressing fundamental patterns that are 

recognized by fundamental recognition units ofthe innate immuiK response. Examples are LPS*s 

of gram negative organisms^ SAgsandpeptidogtycans of gram positive organisms, iimgal b- 

glucans, bacterial glycosyloeramides» and mycobacterial lipoara^^ Numerous infectious 

agents with these stnK^tures cai^ potent inmume reactions e.g. ^reptoooccal c^^ 

S. pyogenes^ R coli induced sepsis and meningococcal meningitis induced by Neisseria 

meniiigitidis. 
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The T cell system is far more adept at responding to innate pattern recognition units than to tumor 
associated antigens. In the present invention, tumor cells are tiansfecled with nucleic acids 
encoding molecules or biosynthetic enzymes that result in structures which mimic the major 
immunogenic structures of bocterial antigens. This enables the tumor cells to be recognized more 
effectively by the T cell system. In addition, tumor cells are (mvided with receptors for bacterial 
antigens such as SAgs, LPS's (CD14), and glycosylceramides (CDl). Genes encoding bacterial 
antigens which produce potent immune responses are transfected into tumor cells to include 
bacterial membrane and cell wall constituents such as LPS's, pcptidoglycans, glycosylceramides, 
lipoproteins, lipoarabinans and capsular polysaccharides. In addition, nudeic adds encoding die 
staphylococcal SAgs induce potent T cell lymplioproliferation and TH-1 cytokine prodoction 
while U^S's are known to have a bystander effect on TceUproMeration The two agents synergize 
in their capadty to induce lethal endotoxic shodc in animals. The present invention contemplates 
that the optimal ap(soach is to present the bacterial inuQunogea structure (for example 
streptococcal capsular polysaocharide) sequentially or concomitantly with a bacterial mitogenic 
signal (S A^. Under certain conditions, these genes are co-transfeded with various bacterial 
invasins, toxins, autotysins and inflanunatoiy enzymes which togdher with the colonizing 
properties of tumor metastasis genes produce a tumor odl capable of migrating to metastatic sites 
where it induces necrotizing cellulitis. Such genes are preferably placed under the control of 
inducible promoters as dsscabed herein. 

These transfectants are prepared by methods in Example 1-3. They are usefid against established 
tumors or metastatic tumor in vivo as in Example 15, 16, 18-23. 

21b . Combining Expression of SAp Nucldc Adds with Nuddc Adds Encoding Enzymes that 
Drive the Synthesis of Bacterial LPS. Galactosvlceramide or Capsular Polysaccharide 
In general, this is accomi^ished by oo*tFansfection of nudeic adds each flooding oize of the above 
products or by tiansfection with a fusion rmcleic add that encodes the oombinatiotL 

S Ag-encoding tmddc add is fused in fi-ame or cotransfected into tumor cells or accessory cells 
with nucldc adds encoding bacterial IJ»S*s,pepddofiJycans, and galactosylcerami^^ The 
preferred end products are synthesized in K coti andiVl meninff tides (LPS*s), Staphylococcus and 
Streptococcus O)eptidoglycatts); Sphingomonas paucimobitis (glycosylceramides). 

The syntl^c genome or cluster of genes for biosynthesis of these jroducts is incorporated as a 
whole to include multiple and specific enzymatic transferases and trafRddng protdns required for 
the stepwise synthesis of eadi of these products. Gene dusters are necessary to provide the 
requisite transferases for synthesis of these large molecules. For example the genes required for 
the biosynthesis of type 1 capsular polysaocharide of & aureus are localized to a 14.6-kb region. 
Seqo^dng analysis of the 14.6-kb fiagment revealed 13 open reading fiames (ORFs). Ten genes 
are involved in capsule biosynthesis. CapGalignedweU with corisensus sequence of a £unily of 
acetyltransferases ttom various prokaryotic organisms suggesting that CapG may be an 
aoe^ltransfeiase. 

The Structural reqmrements for endotoxic activity oflPS's are as foUc^^ (l)ab(l-6)-linkedI>- 
glucosamine disaocharide baddxme; (2) biphosphoiylation at positions 1 and 4' of the 
disaccharide baddxme; (3) a suitable number of 3-acylox)racyl groiqps per disaocharide unit; and 
(4) acyl groups of a suitable length as indicated by Kumazawa^/^., and Nakatsuka et al 
Transfection with nuddc add encoding LPS 's would require the preservation of the 
biphosphoiylation and the acyl groups between 14 and 23 to maintain oi^imal activi^. 
Derivatives may contain a monosaccharide group in place of the disaccharide group. 

LPS Structure 

LPS consists of an outer regkm which is composed of polymerized di- and pentasaccharide 
repeating units whose compositions vary wit^ a spedes or straia The inner region is generally 
conserved within a single genus, and consists of a core oligosaccharide linked by the sugar 2-keto- 
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3-deoxy-D-ainiiio-octonate (KDO to a disaccharide backbone with attached longdiain fetty aads. 
the MxAd A. This conqjonent is responsible for much of the Wological activity of the molecule. 
Components conferring the greatest biologicai and immunomodulatory activity are now kn^nni to 
be a ducosamine disaccharide. a bis phosphoiylated Upid A and acyloxyacyl groups on the fatty 
add chain. The loss of only one of these components, for example, a phosphate group reduces the 
activity of the molecule. LPS's firom different genera of bacteria vary in their mununomodulatog 
actwity and studies of the stracture have shown very subUe differences. For exampl^Bacteroides 
sop is apparently less active in endotoxin activity than LPS firom enteric bartena This was 
im^ally thought to be related to a modification of the of KDO in the core region with an added 
Bhosplmte group. Other differences in the LPS were found when the fatty acids from E. cob and 
BactCToides were compared. £ co/i has sbc fatty acid chains or acyl groups per dighicosamme 
backbone each with a chain length of 12-14 carbon atoms. Included in the acyl groups 3- 
hydroxytetradecanoic acid (3-OH-C14:0)which is absent in the BacteroKfcs sUains. In contrast, 
Nereides has 4-5 fatty adds of diain length 15-17 carbons per dighicosamine and has branded 
3-hydro3tyfetlyadds. Studies of synthetic lipids have confirmed that reduced Wological activity 
relates to fewer £itty adds chains. 

A common feature of LPS's torn various qjedes is that they are amphii*iles, wth both a 
hydrraholsic part capable of dissolving in Bpid membranes and a hydrophUic part which remains 
in the water phase. Therefore, the first step of molecular interaction is one between the 
flniphirhiiir molecule and the mammalian cell sur&ce either by ionic Wnding, hydrogen bonding 
or hydrophoKc interaction. The bacterial molecule may be inserted into the m a mm al i a n 
membrane by its Itydrt^htWc moiety or attached to membrane recq)tors with the hydrq 
moi^ or through charge effects or via binding to host gtyootMOtdns and gtycoUpids resulting in 
signal transduction. Most of the immunomodulating activity of these bacterial molecules is 
indirect and stems fiom the release of host mediators. Cytokines such as IL-1, tumor necrosis 
factor, and IL-6 are involved. The LPS binding protein attaches to gram-negative bacteria or free 
LPS and mediates the attachment to macrophage menabranerecqrtor known as CD 14. The 
recognition of the CD14 only recognizes LPB when it is bound to LPS. The LPS-LPB complex 
may directly triggw TNF release or hold the complex at the ceU surfece so that other hosts cdl 
snifece molecules trigger TNF release. LPBs also aa as opsonins. Another area where sugar 
residues p% an inqwrtant role is in cdl sur&ce glycoprotein interactions vitich invohre protem- 
caibohydiate recognition. In the redrculation of and recruitment of laikocytes m the body, the 
carbohydrate-recognizing protein domains of gtycoproteins of one cells bind specifically to the 
oUgosacdiarides of glycoconjugates on another type of cdl. These recognition events control the 
movement ofbloodbomelymiAocytes into lymiAoid organs. Specific reoognitton occurs between 
lymjAocytes and specialized cells in the waU of blood vessels known as high endothelial venules. 

Genes Encoding Limd A Biosynthesis ^ u r\ 

LPS is generally synthesized as two sqmate conqwnents, the lijnd A/core and the O 
polysaccharide, which are then Ugated to give the comiJetc LPS mdecule. Three genes encode 
enzymes that catalyze the steps of Upid A synthesis {IpxA, IpxD andlpxB for steps 1,3 and 5) and 
fabZ and envA. More specificalty, the en27mes that catalyze the synthesis of lipid A are thought 
to act in the fi)llowing sequence (indicating the genes): IpxA. Ipx C. Ipx D. IpxB. The reactiwis 
catatyzedby the products <rf these genes are given in TaWe 1 of Schnaitman CA et al., MicrobioL 
Rev. 57: 655-682 (1993). 

Blocks of Genes Invoh^ed in LPS Biosynthesis 

Blocks of genes involving LPS synthesis have b^ sequenced and analyzed. ThebpidA 
Woqmth^c pathway has been duddated. Four of the genes in this pathw^ have now been 
identified. Three of them are located in a conqdete operon which also contains genes involved m 
DNA and phospholipid synthesis. Genes involved in synthesis of the LPS lipid A core are given 
in Tables l and 2 and their activity at variiws points in the Iriosynthdic pathway are given m 
Figure 1 (rfSchnaitman CA et al.. Microbiological Reviews 57: 655-682 (1993). which is 
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incoTDoratcdby reference. Thereforejtislikdy thatlPSWosyntheticemymesare 
S^iS^ of the cytoplasmic membrane around a fe^ toy nuanbrane protems. 

Aduster of assembly genes produced various bacteria enco^ 
structures. TT«se genes have been transfected into £ co/< and th^mduce identifiable^ 
There are also smooth and rough LPS's which have a hierarchy ofpotencym terms of 
^^SS^i^onofTOF. Mutants producedwWdisynthes,ze^^ 
SSccharideattachedtothelipidAmoiety. The presence oflongchampolysacchandes 
Scffi^^dSydecreasedthe^ilitytoactivateTNF. «°-6«»bacter^''?^„7;^,, 
Se than sm^bac^ria in indudngTOF production. Fatty aacb of ^ '^1^^ 
canbewodncedindudingthosethatresemhle monogalactosylceranudes. Transfcrasesfor 
^SSStonlelJ^structureoftheOaiitige^ 
identified as wdl as genes controlling the O anUgen chain length; 

The genes for LPS and glycosykeramide assembly also involve multiple tiMirferas^ The 
tranSdonoftumor cells involves 10 genes encoding a ,»rtiaJarstretdj^^ 
In K coli the 14-ldlobase pair chromosomal region located between waaC (forniCTly r/aQ and 
waaA (MA) contains genes encoding enzymes required for the synthesis andof the type R2 core 
Si^iKS in thetamen of the endoplasmic reticulum. This occurs in a stqKv^efeshron. 
nirgene encoding the Haemophilus influenzae type B outer proton tau^ a 

parin^isuseM in protect!^ immmrity has been donedasa lO^obaseffibDNAjnsertand 
Stressed inf. cofi. The biosynthesis oflJ>S'sinvoh«» genes encodmgttetaytransfera^^ 
indudingifel. TheRmeningitideshighlyconservedsurfaceproteincon&nmgprotecUonis 
encoded \}y a ORF of 525 nucleotides. 

Pe nes Encoding Enzvmes the Catalvze r ftre Biosynthesis . . , j 

The rfe cluster tadudes the genes for all transferases for assembly of core. It mdudes three 
operons consists ofat least 17 genes. The majority of known gen^whose functions 
Sclusivdy in LPS core biosynthesis are located in the ife cluster [PiadelEc/o/.. J. Bactenology 
174- 4736-4745 (1992)1 It indudes three operons. However, there are also genes such as MsA 
toArfaE located outside the rfe duster whidi are involved in biosynthesis of sugars unique to the 
core or exert direct efifect on core structure. These dusters appear to have ongmated by the 
exchange of btodcs of genes among ancestral organisms. There are whiA code for the 
Segrafmembranepr^dns. The promoter for the genes has been idartifiedNfutations have 
been identified known a rough mutants traced to three lod namely rfa. rfb and r/fc. 

The region of the £: coU chiomosoine encoding enzymes responsible for ttesynthaas rf^^ 
core has been doned. This region formcrty known as the rfe locus oompiwes 18 kb of DNA 
between the markers tdh and rpmBG. The genes are arranged in three different operons and the 
genetic oT©mization of this locos seems to be identical in K coli K-I2 and S typhununum. 

T inlfaoft ftf LPS Transcription and Toxin Secretion 

In and Salmonella, a Unk has been found between toxin secretion and the gene regulating 
LPS tnmscriptioa Toxm secretion is regulatedby gene expression within the htyCABD opcron. 
A recently identified activator of hlyCABD gene expression is the 128-Id>a product of Ae rfaH 
6>2J^ gene whidipositivdy regulates transcript initiation and possibly termination m tte operons 
encoding synthesis of LPS of £ coU and Salmondla. The discovery of a role « MyCABD 
expression for the LPS (rfe) operon transcriptional activator r&H is consistent with the role of LPS 
in influencing both the secretion and toxic activity of the toxia 

fipnpc Fnmriin p Enzvmcs that Synthesize Pbh^ ccharide Carisnle and Membrane Proteins 
Genes for the biosynthesis of a polysaccharide capsute are induced in Splun^mon^ 
overiapping DNA segments which span about 50kbp restored the syntheas of sphmgaa The 
polysSiiSde components of LPS ftomS. Pertussis, H. influenzae ami Bacterotdesspp. will 
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activate B-cells. The polysaccharide of Bactcroides activates B ceils indirectly by first triggering 
the macrophage whereas the Upid A moiety triggers the B cells directly. Therefore different parts 
of the same molecule interact with different types of host cells. There is also evidence that 
imimmopotaitiating activity of a glycopepticte produced by mycobacteria is dependent on the 
saccharide residues of the molecule. 

The capsular polysaccharide of the Streptococcus is extremely immunogenic, consisting of glycan 
strands composed of regularly alternating 

N-acelylghicosamine and N-acetylmuramic acid residues joined through b-1,4 glycosidic linkages 
and attached to crosslinked peptides by amide bonds. The capsule of strain Mis composed of 
taurine-2-acetamido-2-deoxyfucose and 2acetamido-2-deo:qr.D-galacturonic add The gene for 
this structure caOed cc^l has been cloned and is used to transfect tumor cells. The nucleic acid 
sequences J«3pear in lin a/., J. Bacterid. 176, 7005-7016 (1994). 

A new 24-kDa group A streptococcal membrane jHOtein known as streptococcal protective antigen 
(Spa) has been identified and is distinct horn the surface M protein which evokes protective 
opsonizing antibodies. The Spa-encoding gene has been doned and consists of a 636-bp 5' 
fragment (Dale, JB et al., J. Qia Invest. 103: 1261-67 (1999)). 

The present invention contemplates the use for cancer treatment of these and other bacterial 
antigens fiom stajAylococd, streptococd , K coli, N. mengi tides, and other genera which antigens 
evoke an immune response in mammals. In the preferred approach, a nucleic add encoding such 
an antigenic structure is transfected and expressed in tumor cells. Methods of preparation, use and 
assessment of ttese therapeutic constructs in tumor bearing hosts are in Example 1, 2, 18-23. 

S Ag nucldc adds are fused in fi:ame or cotransfected into tumor cells or accessory cdls wi th 
nucldc adds encoding key tranrfcrases (gene clusters) and glycosylation sites encoding capsular 
membrane ftom Streptococcus or Neisseria menigitidis lipoprotein-LPS-phospholiirid and cell 
wall pcptidoglycans. i.e., N-ace^lgluoosamine (NAG) and N-acelylmuramic acid (NAM). 

S Ag DN A is fijsed in firame to DNA encoding a highly conserved outer membrane sur&ce protein 
of K meningitides known as Nspa. The Nspa gene has been cloned (Martin, D. et aL, J. Exp. 
Med. 185: 1 173-1 183 (1997)). The LPS produced would be of weak to intermediate ^rength such 
as that produced by Listeria or Legionella, 

Borrelia burgdorfi is the causative agent of Lyme disease. The osp genes are located at a single 
genetic locus on a 49kb double-stranded DNA linear plasmid where they are organized as an 
opexonospAB. The amino add sequences of OspA and OspB show a high degree of similarity 
and resemble prokaryotic lipoproteins. Nucleic adds encoding the o^ and ospB lipoproteins 
are cotransfected into tumor cdls together with S Ags. 

Genes Encoding Membrane Ghrcosvlo eramid^ Biosynthesis 

Nucldc adds encoding the synthesis of the CralCer fiom Sphingomonas paucimobilis are 
transfected into tumor cells, resulting in the synthesis of GalCer by the tumor cell. (KawaharaK 
et aL, FEBS UttOT 292: 107-1 10, (1991) Yamazaki M et al., J. Bacteriology 178: 2676-2687 
(1996) Natori T et aL, Tetrahedron Letters 34: 5591-5592 (1993) Costantino V et a/., liebigs Ann, 
Chem. 96: 1471-1475 (1995)). Nuddc adds encoding enzymes responsible for synthesis of 
Ndserria meningitides LPS are transfected into tumor cells, resulting in the synthesis of LPS by 
the tumor ceU (Steeghs L et aL, Gene 190: 263-270 (1997)). These nucldc adds encoding key 
transferases are fiised to nucldc adds encoding anq)lified oncogenes or transcription &ctors such 
as Bcl-2, o-myc, K ras, bcr, c-abl or NF4cB. 

Genes Involved in Mvcobactaial Cell Wall Biosynthesis 

S Ag-encoding nucldc add is fused in Same or cotransfected into tumor cell with nudeic adds 
encoding the key enzymes involved in the biosynthesis of no^cobacterial cell wall mycolic add. 
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phosphatidyUnoatolmaimosidesandUpoar^ Ahighaffimty interacUonof CDlb 
mlecules with the acyl side chains of ImownTceU antigens . 
Dhosphatidyhnositolmaimosideandmononiycolatehasbeeadem^ Hence the nucleic 

add encoding the CDl receptor ate cotransfected into tumor cells together with S Ag^ncoding 
nucleic acid and nucleic acids encoding the multifunctional fetty acid and ntycocenmc aad 
synthases involved in the biosynthesis of mycolic add and meO^^^ 

The multifunctional genes for raycocerosic add synthase involved in the biosynthesis of these 
molecules have been isolated. In addition to the usual fet^ adds found in membrane Upids, 
mycobacteria have a wide variety of very long-<Aain saturated (C18^2) and monounsaturated 
(uptoC26)n.fatlyadds. The occunenceofa-an^lb-hydro^o^veiy long chain fetty acids /.e.. 
mycoUc add is a halhnark of mycobacteria and related spedes^ Nfyoobacterial myoolic acids axe 
the largest (C70-C90) with the largest -biandi (C20<:25), The main chain contains one or two 
double bonds, cydopropane rings, qioxy groups, methoxy groups, keto groiqjs or methyl 
branches Such add are the major components oftheceUwaU,occunring mostly estenfiedm 
dusters of four on the terminal hexa-araWnofuranosyl units of the major ceU wall polysaochandes 
called araWnogalactans. They are also found esterified to the 6 and 6' positions of trehalose to 
form "cord fector". Small amounts of mycolate are also found esterified to glycerol or sugars such 
as trehalose, glucose and fructose depending on the sugars present in the culture medium. 
Mycobacterium also contains several methyl-branched &tt^ adds. These include lO-methyl CIS 
My add (tuberculostearic add found esterified in phosphatidyl inositide mannosides), 2,4- 
dimethyl C14 add and mono-, di- and trim^yl-branched C14 to C25 fsOy adds found in 
trehalose-oontaining lipoK>lig0saccharides. trimethyl unsaturated C27 add (phthienoic adcO. tetra- 
mettarl-branched C28-C32 fetty adds (mycocerosic adds) and shorter homologues found in 
phenolic glycoUpds and phthiocerol esters and multiple-methyl-branched phthiloeranic adds such 
as heptmsOsyi' branched C37 add and oxygenated multiple metl^rl-branched adds such as 17- 
hydtoxy-2,4,6,S,lO,12,14,16,-octamethyl C40 add found in sulfolipids. 

Genes Involved in Mvcoli c Add Biosvnthesis 

The ttosynthesis of mycolic acids involves fatty add chain elongation, desaturation, 
cyclopropanationofthe olefin and a Claissen-type condensation. The genes involved in 
cyclopropanationarecmal,cma2. The m^oxymyodate series found in M. tuberculosis contains 
a methoxy group acjacent to the methyl branch, in addition to the tydopropane in the proximal 
position. A series of four methyl transferase genes was cloned. The mm4 methylates the distal 

^multifunctional fetty add synthase (FAS) itypQ 1) catalyses not only the synthesis of C16 and 
C18 fetty adds bit also dongation to produces C24 and C25 fetty adds. Cloning and sequencmg 
ofthe synthase gene revealed a 8389 l^ORF. The domain organization is much like a head to tail 
fiision of the two yeast FAS subunits; acyl transferase (AT)^oyl reductase (ER>dehydratase 
(DH)-malonyl/palmitoyl transferase-acyl carrier protein (ACP) fiised with b-ketoreductase (KR> 
b4cetoacyl synthase (KS). 

The MAS gene encoding mycobacterial mycocerosic add synthase is a dimer of theFAS gene. 
The cloning and sequencing of the MAS gene revealed the domain org3ni2ation in the following 
order: KS-AT-DH-ER- KR-ACP. The purified MAS shows a preference for elongation by four 
methylmalonyl CoA units reflecting the natural conqx)sition of mycocerosic adds. FAS and MAS 
are also involved in the biosynthesis of phthiocerol and phenolphthioceiol which invoke 
elongation of preformed n.C20 fatty acyl chains or an aqrl chain containing a jAenol residue at the 
w-cnd. The duster of £we genes, /;psf 7-5 encode the multifimctionalenz 
al Gene 170: 95-99 (1996) Mathur M et al, I. BioL Chem. 267:19388-19395 (1992) Yuan Y. et 
aC Ptoc. Natl Acad. Set USA 92: 6630-6634 (1995)). 

Tumor cells are cotransfected with S Ag-encoding DN A and nuddc adds eiK»ding the 
biosynthesis the above microbial prodiKte. The transfected tumor cdls acquire significant 
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additional immunogenicily. These ceUs are prepared as in Example 1-3^ TJey are useful in vivo 
asapreventative or therapeutic antiturnor vaccine (PxamplesSl^ J^^r JJjSSs for 
usefol ex vivo to inununize T or NKT ceUs to produce a population of effector T or NKT cells for 
adoptive immunotheraivofcancer Examples 2-5. 15, 16. 18-23). 

77 SAP-fianeliosiH^ »r SAg-Galactos Y'"^"'ide Complexes Formed afler Transfection of -nimor 
ri¥^iiDNA Rncnding SAf»!- romolete Fbirterial Antigen System Reoofnii7.Qd by CPl 
p«« ntf.« Canah ift nf Inducing Anti-Tumor Effects 

SA^codingnucleic addtransfected into tumor ceUs express SAg on the tumor cell suifea 
wWch is bound to cen surface gangUosideswWch are tumor assodated antigens, onwgenep^^ 

such as EGF or IGF. In this wsqt the tumor associated antigen is c^aWe of recognition and 
irteractionwithhostTcelUandmacrophagesandofevoldngapotentimnnuMi«po^^ The 

SAg is also bound or associated with the CDl recqrtor alone or assodaled with the 
glycosphingolipid tumor associated antigen. 

SAiss have a natural afBnity for glycosphingolipids on ceU membranes. Enterotoxin-piodumg- 
bacteia secrete enterotoxins which in their precursor state are bound to ceU membranes ui dunenc 
form. EnterotoxintransfectedtumorceUsinduoeananli-tumorresponselyexpressmgtte 
cell sur&ce antigen in association with the SAg. Bound to the tumor cdl membrane, the SAg m^ 
be in dimeiic form associated with the ceiamide UpophiUc anchor domain of a glycosphmgohpd 
tumor associated antigen. Likewise, the SAg may be associated with the carbohydrate moiety or 
the gandioside which protrudes from the ceUsur&ce. It may also be secreted mmonomeric or 
dimaic form fiised to membrane associated tumor antigen, oncogene product or receptor. If the 
tumor associated glycosylceramide, glycoprotein antigens, or glycoKpid antigen with or without 
SAg are presented on CDl receptors, then NKT cells may generate tiie predonunant T ceU 

resiponsc. However the classical TceU system is also responsive. t^^,^ 

ThKe constructs are produced and used as a vaccine against estabhshed tumor by protocols given 

in Examples 2-5, 15, 16 18-23. 

")% Nucleic Acids Encodi ng CDl Receplors . 
Nucleic acid encoding the GDI receptor is transfected into tumor cells, resulting m ^ression of 
the CDl receptor on the tiimorceU surface. Promoters of CDl synthesis are also useful in this 
invention The human genome inchides five CDl genes (A-D)which also fimctionmanugen ^ 
presentation to T cells (Calabi. F et al, CDl: From Structure to Function in Inmunogenetics of 
the Motor Histocompatibility Complex, Srivastava. Ret al., eds. VCH publishers. New York. 
NY 1991) In mice, two homologous proteins (mCDl. land 1.2) have been chaiactenzal and 
map to chromosome 3. ThehumanCDl genesarelocatedonchronu)SomelqMl-q23mAeo^ 
D-A-C-E ftom the centromere on a 190 kb segment of DNA. With the exception of CDIB, tiiey 
are aU in the same transcriptional orientation. They are evenly qaced in the con^lex with one 
exception: CDID and CDIA are spaced two to three times ferther apart than the average m 

products of CDIA , -B and -C genes have been defined serologically. The products of CDID and 
CDIE are unknown. Iliey share a highly conserved exon domain which is homologous to the 
b2m-binding domain (a3) of MHC class I antigens. The CDl molecules are not polymorphic and 
apart ftom CDID, are noncovalently associated with b2m in a TAP-indepcndent manner. 

Complex alternative splicing of CDl genes results in tissue qjecific forms of the protem, whidh 
can be intraceUular, membrane bound, or secreted. In cells infected witiinycobactmajtheODl 
molecule binds and presents a mycobacterial membrane component, mycohc add. SiaaoeCDl 

molecules present longer peptides tiian those normally found on class I molecules. Whetter CDl 
molecules can also present peptide antigens is still undear altiwugh this has been shown for at 

least one member of the CDl fiumly. 

Tumor cells are transfected wifli nuddc add encoding the CDl receptor. Nuddc add ««»<fing 
ceU wall or cdl membrane assodated glycosylceramides or a biandied, b hydroxy long-^ fetty 
adds found in mycobacteria and otiier bacteria are cotiansfected into tiie CDl tnmsf^ 
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cells. The tumor cell therefore displays glycosylceramidcs bound to the CDl receptor. 
Using site directed mutagenesis, DNA encoding the CDl KcefAor is provided along wiUi DNA 
encoding a SAg binding site. This SAg binding site consists of key anuno aads ftran the SAg 
recepto7orfromthesAbindingsiteson(i)MHCclassnchainsor(ii)theTCRVbrepon. This 

may consist of a glyoosphingolipid sequence (sensitive to endoglycocenamdase) present on some 

mammalian cells. « a i.* j* -4 

Theglycosylceramideusedtobindtothe CDl receptor wiU have an exposed SAgbm<tng ate 
which is sensitive to endoglycoceiamidase, an enzyme ftom Rhodococcus which speafically 
cleaves the ^ycosyl moiety fiomglycosphingolipids. Other ceramidases break up sphmgobpd 
into fatty adds and sphingosine. 

These tumor cells transfectants are prepared as in Examples land 2. They are used mWvo as a 
preventativeortherapeuUcantitumorvaccineasinExample 14-16. 18-23. They are also usefiil ex 
vivo to produce a population of tumor specific T or NKT cells for adoptive immunotherapy «f 
cancer (Example 2-5, 7, 15, 16, 18-23). 

0 A y^M/i P»Hi" r StrentfyMCCfll M Proteins < »nri DNA Encoding Protein A or its Fc and VH3 Ig<? 

KinHinp Dnmi^inc TranrfBrted into TumoT Cells Alone Or SAg DNA 

The streptococcal M proteins are type-specific and act as protective or virulence actors. M 

protein genes are members of a larger mm-hke gene family, such that many S. p^ngenesOwxa 
express more than one M-like protein. DNA encoding the streptococcal Mpiotem and DNA of 
the larger emm-likefemily are transfiscted into tumor cells (KehoeNLA., "CeU-Wall Associated 
Proteins in Gram-Positive Bacteria," In: Bacterial Cell Wall, Ghuysen JM «/ a/., eds, Elsevier. 
Amsterdam, 1994). 

In addition, DNA encoding protein A and its domains as well as DNA of the strgjtococcal/cr.4 76 
gene located upstream of the emm-like gene are transfected into tumor cells individuaUy or 
together to cause the expression of IgG FcR- and VH3 IgG^rinding domains (Kehoe MA, supra). 
DNA encoding SAg is cotransfected into the same tumor cells to produce a tumor ceU expressmg 
any combination ofM protein, protein A and a SAg. vi- 
Such ceUs are used in vivo as preventive vaccines or as therapeutic vaccines against estabbshed 
tumors. See Examples 1-5, 1 1, 15,16, 18-23. They may also be used « vi w to mdnce 
populations of active tumor specific effector T cells that are then used in adoptive immunotherapy 
See Examines 2-5, 7, 15-16, 18-23. 25. 

Nucleic Acids. Bacterial CeMs g nd Phase Displays Mimicking S Agg 
Because of circulating naturally occurring antibodies in humans, native or mutated SAgs that are 
administered paienterally are not likely to reach the appopriate receptors on T ceUs or tumor cells. 
To solve tius problem, mimic oUgonuclcotides are i»epared - these mimic SAgs in flieu- capaaty 
to Wnd SAg recurs. Since no natural antibodies are directed to these compositions, they wUl 
not be prevented firan reaching specific SAg receptors /» v/vo. 

SAg receptors are used to screen oUgomidertides for tiieir aMity to mimic SAg binding. Us<^ 
receptors for such screening include those described herein (as expressed on tumor cells) and T 
ceU TCR V chains. For examine, pools of oUgonucleotides are tested for tiieir binding to. and 
affinity for. immobilized SAg receptors using nucleotide chromatogiapliy technology well taown 
in tiie art. Once ti»se high affinity Wnding oUgonucleotides arc identified, they are isolated (or, 
foltowing sequencing, may be qrntiiesizecD and administered to a host , . ^ . 
Also included here is a Wfimctional oligonucleotid&i>eptide chimeric molecule that btnds 
specifically to tiie SAg recqjtor on tumor cells as well as tiieVb region of the TOR. Suchan 
oUgonucleotide will bind simultaneously to tinnor cells and T cells (in the process of activation) to 
nroduceananti-tumorresponse. AnoUganucleotidei>roteinconstnK:tispreparedc»nastingof(a) 
a peptide sequence of enterotoxin A tiiat binds to the TCR and (b) an oUgonucleotide tiiat tends to 
SAgreceptor on tiimor cells. The peptide portion of tiiis construct should be devoid of MHC class 
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II bindiiig sites in order to minimize undesiied binding of the molecule to class n structures upon 
administration in vivo. 

In another embodiment, the nucleic add portion of the chimeiic molecule binds to the TCR whUe 
the peptide consists of a non-enterotoxin Ugand that is specific for the SAg receptor on tumor 
cells Tliisconstnict has the advantage of lacking aiiy binding site for natural anti^^ Yet 
another additional chimeric molecule consists of an oUgonncleotide portion speaRc for the class u 
( or ( chain and a secomi oUgonncleotkle or a pqrtide specific for the TCR Vb chain. 

Methods for preparing these constructs are given in Examples 5, 13. These constructs are 
especially nsefiU for targeting tumors in vivo while also promoting a T ceU anti-tumor response. 
See Examples 18-23. However, these chimeric molecules may also be used ex vivo in the 
producUon of tumor spedCc effedorT cells capable of inducing, or effeding. an an^-*™or 
response when administered to a tumor bearing host See protocols in Examples 2-5, 15, 16 18- 
23. 

SAg and GlvoosvlCeramide Co-Expression 

This niOT be accomplished using intad bacteria or lAagedispl^anHoaches. 
Since the precursors and substrates of the glyoosyltransfeiases are not readily available in most 
.,. ?n.niaiiaii cells, it is moK convenient to induce dual expression of GalCer and SAgs in badena, 
for example Sphingomonas paudmobilis. which naturally produce GalCer. Hence, micldc aad 
encoding a SAg is transfeded into this bacterium together with a suitable pxsnoter weU known m 
theart. The bacterium produces both GalCer and SAg. 

By ensuring that the SAg contains one or more gjyoosylation sites day using the ^jprt^male 
nucldc acid sequence), a glycosylated SAg is produced. Sucha SAgbindstotheglyoagrl 
ceiamide, e.g., GalCer to form a coigupte that is esqaessed on the bacterial surfece of is secreted. 
In dther form, such a S Ag-GalCer conjugate can sensitize NKT ceUs to produce an anu-tumor 
response. 

In addition, jAage or jdasmids encoding the aH>roi»iate transferase are ttansf«:ted into low 
virulence Staphylococcus spedes which also produce enterotoxins. The bacterium acquires the 
capabili^ of ejqwessing GalCer on its surfece. These baderial constrads and compositions are 
used in vivo in a tumor bearing host to produce an anti-tumor response in protocols given m 
Examples 5, 13, 15. 16 18-23 and Ddailed Description Scdion 19. They are also are used exy/vo 
to activate NKT cdls or T ceUs to differentiate to tumor spedGc effector ceUs for use m adoptive 
inmamolbetapyticmsexhfpmtacn^ 

Phage displ^ technology is used to targd selected SAg sequences to targets in Wvo. The selected 
pqjtide is used as a landing sequences in Ueu of the fiiU-length polypeptide. This permits 
elimination fiom the constiud of the antigenic portion of the SAg to which nahiral antibodies are 
directed. Cloned genes are expressed as part <rfi*age coat proteins, for examfrie. as fiisiwiswiUi 
the gene in protein (gfflp) or die gene vffl protein (gVmp). In addition to tiie diq)l^ed gme 
product, die phage genome (of each partide) indudes the gene encoding fliis product 

Phage dis{^ is prefeiably done using the filamentous phage f88-4 and conqjrises forming a 
fiision that results in the C terminus of the •sdcded" (le., inserted gene's) produd and die N 
terminus of the phage protein gVOp. Peptides of various enterotoxins are expressed in the phage 
display - most preferably peptides that bind to flie SAg receptor on colon carcinoma cdls. Thwe 
peptides retain thdr capadty to bind to the TCR and to activate T cells. Also contemplated within 
this invention is phage display of SAg plus nuddc acid encoding synthesis of GalCer and/ or tiie 
Gal epitope. DNA for synthesis of GalCer is laeferably isolated ftom SpMngonumas 
paudmobilis; DNA encoding die galactosyl ttansferase for synthesis of Gal is preferably isolated 
ftom Klebaella aerobacter, Serratia, K coli wdSalnumella organisms which nahirally produce 
and express tiiese eiatopes- The phage diq)l^ are administered i/i w vo and are capable of 
initiating a potent immune reqx>nse to the tumor using flie protocols described m Examides 5 and 
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13 and Section 19, above. These preparations are also useful for activating T cells or MKT cells ex 
vivo to produce a tumor specific eflSxtor cells for use in adoptive inununotherapy (Examples 2-5, 
14-16, 18-23). 

Viral infection of a host cell having the galactosyl transferase results in the shedding of virions 
that express the Gal ^tope. When a host mammalian cell has been transfected with nucldcad^ 
encoding SAg, the virus can ooe>q)ress the Gal epitope and the SAg on its surfece. Suchaviral 
construct is administered in vivo to achieve a therapeutic effect, or, in another embodiment, is 
employed erwvo to produce tumor spedficeffeaorT or l^T cells for use in adoptive 
immunotherapy of cancer (Examples 2, 3, 7, 15, 16, 18-23). 

26 Combining SAes with Enterotoxin Precursors (Cell-bound Dime rs and Oligomers) and with 
Enterotoxin Promoters and Transcrip tional Regulatory Genes 
Cell-bound SAe Dimers and Oligomers 

Staphylococcal enterotoxins are present in the membrane of enterotoxin producing bacteria in 
dimeric form and retain potoit enterotoxin4ike activi^ when isolated from the membrane. It is in 
this membTane4x)und form that enterotoxins arc combined with tumor associated antigeiis or 
oncogene products and presented to the T cell system. The dimerization of the enterotoxins may 
promote clustering for more effective presentation to T cells. Indeed, dimerization or 
polymerization of enterotoxins or the introduction of tandem repeats of the SAg binding sites for 
TCR and MHC class II may be achieved ( 1 ) site directed mutagenesis of the entenrtoxin 
plasmid and (2) introduction of sequences fiw gene ainplification, tandem tepetiti^^ and/or 
recombination or by (3) introduction of enzymes for pqptide chain dongatioa The duplication 
may be at the level of the bacterial (>peron including its transcriptional regulators, using m^hods 
well described in the art. Modified plasmid is DNA is introduced into the target tumor cells or 
into accessory cells, either or both of which are useful in vivo as a preventative or therapeutic 
vaodne (Examples 1,2, 15,16.18-23). Suchgenetically transformed cells may also be used ex 
vivo to imxfaioe efiector T or NKT cells for adoptive irmnunotherapy (Exanqjles 1, 2, 7, 15, 16, 
18-23). 

SAg asT locus (accessory gene regulator^ and other bacterial genes an d elements 
At least 15 gene coding for potential virulence fectors in & flwreitf are regulated by a putative 
multicomponent signal transduction system encoded by the agr/hid locus. The synthesis of at 
least 14 exotoxins and enzymes in S. aureus is regulated by a set of trans-acting elements from 
agr. The agr gene ooordinatdy controls the expression of exfoiiatin toxin, toxic shodc syndrome 
toxin, a, b, d toxins; enterotoxin B, lipases and nucleases (Balaban, N. et aL, Proc. Natl. Acad Sci. 
USA 92: 1619-1623 (1995)). These proteins are members of the histidine protein kinase family of 
regulators and control a number of virulence determinants (Balaban supra, Novick RP, Meth 
Enzymol. 204: 587^37 (1991)). 

Compared to wild-Qrpe, flgr and /r/ J mutants have decreased synthesis of extracellular toxins and 
enzymes (such as a-, b-, and g-hemolysins, leucocidin lipase, hyaluronate lyase and proteases) 
while haWng increased synthesis of coagulase and protein A. The ^ gene consists of two 
divergent transcriptional urdts driven by prornotersnarnedP2 arid P3. The P2 transcript includes 
four open reading fi:ames referred to asorgrA, B, C, andD, all four of which are required to for the 
agr response. 

The pqjtides predicted for agr A and agrC resemble the response regulators and signal transducers 
of the twoKX)nqx)nent bacterial signal transduction systems. The primary functicm of thee four 
genes discussed above is to activate two promoters; the P3 transcript, RN Am, however is the 
actual effector of the exotoxin response. RNAffl activates transcription of secretory protein genes 
and rqjresses transcriptions of surfece protein genes. As a glctol regulatory system, controls 
the post'Oqx>rtential production of exoproteitis such as toxins, hemolysirts,^ agr 
is a complex polydstronic locus that encodes a twoKX>mponent signal transduction pathway that 
activates transcription of a regulatory RNA molecule that in turn activates transcription of the 
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exoprotein genes. 
Thus, 



transcriotioiial regulation of the enlerotoxin B gene as weU as SED. SEC staphylocooral 
SSSriSSinvolvesthe^product (ajr does not regulate SEA expression). 



Thepiomoter regionof SEA is localizedlv Pri«^^.«?«^r^Ml^^2r2i^ ^ 
is loSzed 86 bp upstream of the translational initiation codon. A DNA region with^ 

S^SLoiptiondLtsite. NoDNAupstieamofthe35lp^^»i«qmr^fo^ 

trans^^ Both the a«r gene and the SEA promote have been doned (P^^ 

Bacteriol 170-A365A372 (1988); Borst, D.W. et al.,Infec. Jmmun. tf/:5421-5425 (1993)). The 

o^a^ihe^locusi^^ agrisautoindnoedly ap^f^ 

Sr^Tolandsecretedbylhebacteria^ 

deficients aureus nnitant strain. The inhibitor. RIP. competes with the activator, RAP. \yhcn 
given as a vacdne, RIP may prove useful as a direct inhibitor of virulence. 

A chromosomal locus {sar) distinct ftom agr, encodes a DNA-Wnding protein that is important in 
reSSrSisreq.riredforexpiessionof&«.««. exoproteins indndmg enterotoxm, toac 
T^^^}^tl^S^l^^^'^- TranscriptionofProtdnAissuppressedby 

SrfSsmids containing bacterial virulence fectors usefid in this invention is *sdosed in 
Table 49 p 223 of Patridc. S. et al., Tmtnimological and Molecular Aspects of Bacterial 

^Srco^S?e«^^ 

fectois that activate the enterotombiosyntheticcyde. Several Staphylococcal promoters have 
beenidentified(NoviA.«?»ra). This in«/ention also contemplate Ae use of the pep^^^^ 
^Sinducesagr as wdl as the peptide inhibitor RIP whidi mduoes or represses RNAffl. 

SAg-encoding nucleic add is fused in-ftame with Staphylococcus <^ nucleic add and inttoduced 
imotumor^ls or accessory ceUs(orthe two arecotransfectedmtoth^ Inanothar 
embodiment. SAg-<mcodingnnddc adds placed under the control of an enlerotoxm 
S^conSis^trodncedintotumorcellsoraccessoiycells. TTie^ gene is csp^ useful 
because it can be linked to an indudble promoter such as that for corticosteroids or tie 
metaUothiondn promoter, allowing it to be activated in a controUcd manner by exogpnous 
administration of the indudng to the host 

Methods for introdudng the above genes into tumor cells are described in Example 1. 2. 1 1 . Tlte 
use of such cdls vivo as preventative or therapeutic vacdnes are .d>f>si«d in Ejampte 1 5^6 
18-23. Use of these genetically transformed tumor cells er v/vo to mduoe effector T or NKT ceus 
for aOopdve immunotherapy is described in Examples 2. 3. 7, 15, 16, 18-23. 

■>? r,««wm«ff SA p with Onooffftnfts Pmtooncoff ynftt Amplified Oncogenes. Transcription 
Factors or Tmnor Markers 

In <^ne embolam^^ nucldc add encoding a SAg is fused in-firame to oncogene or 
protooncogene middc add in tumor cdls or accessory cdls to produce a <;^l^^'^^ . 
EisSessedin.oronthesuifeceof;thecdl. TTiisfiisedgeneimyberendoedu^^ 
judidous^ice of a promoter or other regulatory sequence. Preferably, sndi an mdndWe 
promoter is induced by a hormone or a metal A regulatory element, sudi as one adivated by 
inteiferon or a cytokine (eg., Jak or a STAT) , may be induded in this construct 

In another embodiment, the nucldc add encoding SAg is fiised in flame to nud^ 
anomx)gBnewhidicanbeamplifiedmarkedly. Thefiisedconsliudismtroducedintoton^ 
oraoo^owcdls. AnamplifiedW is initially mudi larger than the size of the artual^gra^ 
importance to the oncogenic event(s) (Hdlems. RE. Gene Amplification in Mammalian Cells, 
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Marcel Dekker, New York, N. Y. ). Thus a silent gene is co-amplified with one or more genes 
expressed on an ampHcon. This is a preferred site for the inserting gene clusters wherein one gene 
encodes a SAg, others encode the enzymes of LPS lipid A biosynthesis, optionally together with 
their native promoters or operons. 

Transcription Factors and Amplified Oncogenes 

Oncogenes are ftequently amplified in human tumors and cultured cancer cells. This is more 
characteristic of solid tumors and relatively rare in lymphoid malignancies, DNA anq)lification 
was first observed cyto^netically a <touble minute chromosomes (DMs) or homogeneously 
staining r^ons (HSRs) but tod^, direct DNA analysis (Southeni blotting) or nm^ 
cytogenetic methodologies, such as fluorescence in situ l^bhdization (FISH) and comparative 
genomic hybridization (CGH) can be applied DMs are episomal forms of amplified DNA tiiat 
geneiaUy lade centromeres and are unequaHy distributed between daug^ They 
appear as isodiametric extrachromosomal bodies stainaWe with all chromatin dyes. HSRs are 
chromosomaily integrated forms of anqplified DNA. They represent either the replacement of tiie 
normal chromosome banding pattern witii an extended region of homogenous staining or the 
insertion of such a region into an otherwise normally banded chromosome. DMs and HSRs tend 
to be mutually exclusive and are potentially irrterchangeable manifestations of the amplified DNA. 
Thus, DMs can potentiaUy integrate into distant chroinosomal sites to generate heritable^ Of 
22 human tumors analyzed, 91% contained DMs only, 6.5% contained HSRs and 2.5% contained 
both. In soUd tumors of epithelial origin, DMs and HSR were fouiKl in 40% of breart 
17% of non small ceU carcinoma of the lung, 18% of stomach and esopha^ cancers and 15% of 
uterine carcinomas. 

The ovCTwhelming majority of oncogene anqrfifications in human tumors affea tiie Myc oncogene 
6mily. In small cell lung cancers all fliree numbers of flie Myc femily, c-myc, N-myc and L-myc 
can be involved. A^c anqjlification is associated with a more invasive and more metastatic 
phenotype. N-myc an^lification is seen in neuroblastoma and is associated witii the late stages 
and poor prognosis. The amplification units on chromosome 1 lql3 are seen in (a) breast cancer, 
(b) squamous cell carcinoma of the head and neck, lung, and esophagus and (c) bl adder tumors. 
The amplification extends for over 1.5 megabase pairs of DNA and includes two bona fide 
oncogenes: FGF3 and FGF4. It also includes tiie Bcl-I CCNDl (cydin Dl) as well as tiie EMSl 
gene that encodes the human homologue of cortactin. CCNDl has a critical role in amplified 
DNA since its expression is increased as a consequence of an^lification. The other major targets 
for amplification are the genes encoding tiie EGF receptor (ErbBI/FferJ) and the related 
ErbB2/Her2. Both genes are an^)lified in breast cancer and otiier m a lign a nc ies. ErbB2is 
associated with estrogen rector-negative breast cancers and poor prognosis. 

Members of the myc gene family are activated in several human tumors as a result of DNA 
reanangements through chromosomal translocatioiis or gene amplificatioiL When overexpressed, 
all myc genes complement mutant c-ras oncogenes in the transformation of primary rat embryonic 
cells and transform Rat 1-A cells without assistance rf(rther oncogenes. Stimulation of cellular 
myc e?qjression levels or ctanges in post-translational modification of myc protdns have been 
foUowinge3q)osureofcells to marorgrowfli promoting stimuli These features suggest that the 
myc proteins participate in the final steps of mitogenic signal transduc^oa The n^c proteins act 
as transcription fectors involved in activation and/or repression of tariget genes. Inneurc*lastoma, 
a group whose tumors are generally near diploid or tetraploid with chromosome Ip deletion(L(M) 
and l^-myc amplification have a generally poor response to treatment and a poor prognosis. 
Genomic amplification of the N-m>v cellular oncogene is present in approximately 40% of cases 
of childhood neuroblastoma and correlates with histopaUiological signs of advanced disease. This 
genomic N-wryc an^lification ^jpears to be associated with tumor progression rather than tumor 
initiation since early stage tumors rarefy exhibit Mwn>t:geiiomica^ Similarly the c- 

myc fsamfy of protooncogenes including N-myc and L^yc are amplified in small cell carcinoma 
of the lung. 
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The amplified oncogenes useful in the present invention include genes encoding transcription 
fKtors. The preferred nudeic adds for \« in the present inv^ c-abi, c- 

myb, c-erb, c-Ki-ras, N-ras. N-myc (amplified 5-1000 

f Id in neuroblastoma) is preferred SAg-enooding nucleic acid is cotransfected into tumor cells or 
accessory cdls with amplified oncogenes. The N-wyc and Vnnyc genes have been cloned as c- 
myc homologous amplified oncogenes fiiom human tumors. In one embodiment, SAg-encoding 
nudeic add is fused in fiame with nucleic add encoding oncogenic transcription factors such as 
FOS, JUN.MYCMYBandETS. In another embodiment, such micleic add is cotransfected with 
SAg-enooding nuddc adds. Either of such constructs is introduced into tumor cells or accessory 
cdls. Proteins that interact with FOS and JUN are given in Table 1 pl57 of 
Oncogenes and Tumor Suppressors, Oxford University Press, Oxford UK 1997. incorporated by 
reference, 

bcr/abl Gene 

SAg-«ncoding nudeic add is fused in frame or cotransfected with nucldc acids encoding the 
following agents and transfected into tumor cells and fiised to oncogenic nudeic adds encoding 
chimeric proteins c^ble of inununizing the tumor bearing host An ideal candidates for such 
fusions is the bcr-abl gene which express the bcr/^1 protein in chronic no^logenous leukemia 
(CML). The cnabl oncogene is ana|]Iified in chronic rnydogenous leute ScherlePAera/.. 
Proc. Natl. Acad. Sd. USA 87: 1908-1917 (1990) HdsterkampN et al. Nature 344: 251-253 
(1990). Ahiormalities in the structure and e^^sression of the human c-abl cellular oncogene have 
been associated with I^laddphia chromosome-positive CML vtiiich is present in more than 90% 
of cases. This aberrant chromosome marker is generated by a redprocal translocation b^ween 
chromosomes 9 and 22 in which the c<tbl oncogene i s translocated from the distal end of the q 
arm of chromosome 9 to a relativdy restricted 5 -61d> region on chromosome 22 termed the 
breakpoint cluster region (bcr). This translocation creates a fusion gene that is transcribed as an 8 
kb bcr^ RN A that encodes the aberrant bcr-abl fusion protdn product (P2 1 0 ) observed in CML 
cells. The bcr-abl fusion product has enharKred tyrosine Idnase activity 
pl45 c-abl product Abnormalities in the structure and expression of the c-abl cellular oncogene 
have not been described in arrjr type of human malignancy other than CML and Ph positive acute 
lymphatic leukemia. Gene amplification correlates with progression of m a lign a n cy. 

EGF Receptor Genes 

SAg-eiKX>ding nucleic add is fused in frame to the middc adds encoding the EGF receptor 
(EGFR) (Ulrich A et al. Nature 309: 418-421 (1984)). The EGFR is the prototype of four- 
member receptor femily. EGFR is frequently overcTquressed or mutated in several different 
of human tumor. For instance, the EGFR is amplified in 20-40% of human glioblastomas and a 
varied of qrithelial tumors including head and nedc squamous cell carcinomas, breast tumors, 
esophageal tumors and urogenital tumors. Ancqplification was aooompanied by overe:q>ression of 
dieEGaFR- 

The erbB2 (hcr2/neu) Oncogene 

SAg-enooding DNA is fused in frame to DNA encoding a tumor marker such as PSA, c- 
erbB2(neuXhei2/neu,bcl-2and6rca-l. The prindpalarnplified and functiorial genes in breast 
cancer are the growth &ctor TOceptOT-^rbB2, the rmdear transcription &ctor c-myc, and the genes 
encoding cell cycle kinase regulatory genes termed cydin Dl and cydin EG. Gene amplification 
is thought to proceed via the initial formation of extrachromosomal, self replicating units (double 
minute chromosomes) that become permanently incorporated into chromosomal regions where 
they are called homo geneously staining r^ons (HSRs) as described above. 
The human counterpart of the orKX>gene neu known as her2 encodes a protein of the same &mily 
astbeEGFR. This family of genes has been cloned. Its products bdong to a &mily of receptor 
Qrrosine kinases each with a trarismemhraiie doitiairi, a cysteiiie-rich extracdhilar dotnain and an 
intraceUular catalytic domain. They act as receptors for several peptide growth &ctors aich as 
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EGF,TGF(andneuiegulins. The activated receptors are then able to bind to 
src-homo!ogy-2 (SH2) domains. The SH2 domain proteins recognize and bind to specific 
phosphoQTOsine-containing sequences of the activated receptor These SH2 containing adapter 
molecules then trigger downstream signalling pathways, ultimately resulting in gene activation. 

The eihB2 (neu/Her2) gene maps to chromosome 1 7p2 1 and codes for a 1 85 kDa transmembrane 
glycoprotein related to, but not identical to tfie EGF receptor (Schec±[ter AL et al. Science 229: 
976-978 (1985) Bargmann CL Nature 319: 226-230 (1986), Hung MC et al, Proc, Nati. Acad 
Sci. USA 83: 261-264 (1986), Yamamoto T etal. Nature 319: 230-234 (1986)). The ECJFR bears 
sequence homology witii the erbBl product. The erbB2 gene is activated by a point mutation 
which mutates amino acid residue 664 from valine to glutamic add; this change is associated witii 
transforming its ability. The genes are called erhB, (erbBl EGFr\ erbB2, (neumer-l), erbB3( 
HER'S) and erb B4 (HER'4). 

Amplification and overexpression i£erbB2 has been found in a variety of human tumors including 
carcinomas of flie breast, ovaries, colon, lung, liver, stomach, kidney, esophagns, salivary gland, 
andbladder. Genomic amplification of the neu(C-erl>-2) or HER2ceUular oncogene and protem 
overexpression has been documented in approximately 30% of primary human breast cancers and 
may correlate with advanced disease and a relatively poor prognosis. More tiian 50% of all ductal 
carcinomas in situ of the large cell type e3qsressHER2. Amplification occurs in approximately 
20% ofinvasrve breast carcinomas. Thus, it is tiiought that HER2 amfrfification increases Oie 
growfli rate but not Use metastatic potential of tumor cells. 

A third member of the EGFR family is ERBB3which is present in some huinan brea^ cancers 
with high expression correlating with lymph node metastases. Overexpression of ERBB3 has 
been observed in epidermoid carcinoma of tiie larynx and esophageal carcinonia. ERBB4,a 
fourth member of the EGFR fiamily, was overexpressed in a human mammary tumor cell line.Fisk 
et al (J. Exp. Med. 181: 2109-2117 (1995)) described an immunodominant epitope of HER/ncu 
tiiat is recognized by ovarian tumor-specific cytotoxic Tlymphw This epitope is usefiil in 
this invention. Faflureof coexpressionofaheterodiniericpartner orcoindiwAionofa suppr^ 
phosphatase would explain the lack of imraunogenidty of c-eibB2 in mice in mide mice. 

Additional oncogenes, protooncogenes and tum<w markers which would be candidates for the 
fiision in accordance witii this invention are w PSA, c-erb B2(neu), Her2/ncu, bd-2, Brca-1 . Viral 
and non-viral oncogenes and protooncogenes which are overexpressed in tumor cells are shown in 
Table 9.2 and 9.1, p. 171-172 of Franks et al, supra). The functions of the various oncogenes is 
shown in Table 9.6, p.l86, of Franks a/. 

IGF Receotor Genes 

SAg-encoding nuddc add is fiised in fiame with nucldc adds encoding insulin4ike growfli 
fector (IGF) receptors (IGFRs)and transfected into tumor cells. The IGFR gene is a tyrosine 
kinase containing transmembrane protein tiiat plays an important role in cell growth control 
There is a single IGFl receptor gene wifli a complete coding sequence contained in21exons 
(Abbott AM et ai, J. Biol. Chem. 267: 10759-10763 (1992); Scott J et al. Nature 317: 260-262 
(1985); Liu J era/., CeU 75: 59-63 (1993)). 

IGFIR is expressed at high levels in breast cancer, and an^xlification of the I(jF1 R gene has been 
observed. IGFs pl^ a significam auxiliary role in tuniorgp)wth by suppression of apoptosis. The 
^joptotic effect overejqHessedffo*^ is overcome by IGFs. Thus, IGFsfiadlitate tumor growUi by 
aippression of ^xsptosis. 

Ftooblast Growth Factor (FG F^ Recmtor (ienes 

SAg-enooding nudeic add is fused in frame to nuddc adds encoding fibroblast growfli factors 
receptors (FGFs) and transfected into tumor cells. FGF receptor are also be important for flie 



50 



vascularizati n of certain types f tumors. The expression fFGFl hasbeensho«mtobe 
associated with a switch to an angiogenic phenotype during the development of a fibros^»na. 
Overexpression of FGF receptor by certain tumors may also contribute to their growth. FGF 
lec^toTS have been shown to be amplified in some breast cancers. 

Platelet DerrveH fifowth Facto r rPPGH Receptor Genes 

SAg-encoding nuddc add is fused in flame to nucleic acids encoding additional tumor growth 
factors which are produced or overexpressed and transfected into tumor cells or accessory <^ 
Growth factors include those in the tyrosine kinase receptor families such as Platelet Derived 
Growth Factor A and B family (PDGF). PDGF A and B receptors are amplified mmahgiant 
fiUoblastomas in the malignant cells themselves or the stromal cells (Fleming TP et al, CancCT 
Rk. 52: 4550-4556 {1992);Kumabe T et aL, Oncogene 7: 627-632 (1992)). The iKrve growth 
fector (NGF), stem ceU fector recqjtor (kit), cdoiqr stimulating factor-1 receptor (fins), 
neurotiopin receptor limiily, transforming growth fiictor b 6mily, the WNT fiunily. angiogemc 
receptors 

Other Amplified Oncogenes . 
SAg-encoding nucleic acid is also fiised to nucleic acid encoding the tyrosine protem kinases 
which are both membrane associated and transmembrane as described in Table 9.4, p. 179 of 
Franks era/, supra. Additional chromosomal regions vi*ich are amplified in greater than 40 /o of 
cases included the 8q24 locus of the omycipt) gene, the llql3 locus of the cyclin D (O). int2 (O). 
EMS-1 (O) BCL-1 (O), FGF4 (O) GST (M), MEN1(S) genes, the 17q21 locus of the RARa (S), 
RARg (S), ERBAa (SX BRCAl (S), NM23 (S), estradiol 17B dehydrogenase (S) ERG2 (0). 
HOX2,NGFR(0),WNT3(0) and the 20ql3 locus. ...... 

Nucleic add encoding S Ag is fused or cotransfected into tumor cells with nucleic aad encodmg 
the above oncogenes, amplified oncogenes and protoonoogenes, transcription fectors and growth 
fector receptors. These transfectants are prepared as in Examples 1. They are usefid<« vivo as a 
preventative ortherapcuticvacdne (Examples 15, 16, 18-23). They are also usefid ex Wvo for 
inducing tumor specific efifector cells for adoptive immunother^ (Exanq>les 2-5, 7, 15, 16 18- 
23). 

28 Combining SAg with Angiogenic Receptors and G rowth FactOT Receptors 
SAg-encoding nucldc add is cotransfeded or fused in fiame to nucleic aad encoding an 
angiogenic receptor such as VEGF and transfected into tumor cells. SAg nucldc acid is also fiised 
to or cotransfected with nudeic add encoding other angiogenic receptors such as V mtegrin, other 
integrins. cadherins or selectins and introduced into tumor cells or accessory cdls. SAg-encodmg 
nucleic add is also cotransfected into tumor odls or accessory cells with nucleic acids encoding 
angiogenic proteins such as VEGP. 

VEGF is (Moducedby tumor cells and stroma, and its exjaession correlates with the degree of 
vascularization and grade of mafignancy. VEGF recqrtois, termed KDR andA expressed 
mainhr by the tumor cndothdium. ffigho- levels of VECff are found in metastatic than m non- 
metastaticcoloncancers<TischerEe/fli,J.BioLChem.266: 11947-11954(1991). VEGFis 
espedally useful here because it is overe;q>ressed in tumor ceUs at an eariy stage of tumongmesis. 
The promoter of the VEGF gene lades a TATA box, but has six GC boxes for transcnption fiK^or 
SP-1 binding and also a site for AP-1 and AP-2 binding. The expression of the &x>s is modiJated 
by several growth fectots such as EGF. In some cell types VEGF expression is regdated Ity n--l, 
FGF PDCaF. A common donent, mediation of protdn kinase C in the regulation of VEGF, has 
been suggested. VEGF is expressed as a disulfide Unkeddimer. Long and short forms are 
generated by alternative ^Udng and are matrix bound or released, respectivdy. Asaresultofrts 
mecific eJfeds on endothdial cdl migration and looliferation, VEGF is a very potent and qiecific 
promoter of angiogenesis. Two weU characterized femiUes of angiogenic fedors ad by brnding to 
tyrosine kinase receptors that have two or three immnnoglobulin-like domains, and VEGF binds to 
two related receptors with seven immnnogJobulin-likB extracellular domains. 
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The 7KA:4 oncogene co<tes for a receptor for new^ TheTTiO gene tos 

been found fused to genes that code for proteins that form dimers in cells leading to the synthesis 
of a oonstitutively dimerized and active tyrosine kinase. TRKA may have a tumor si«>pre^r 
fimction since its expression in neuroblastoma conelated inversely with n-m^ 
Coexpiession of niRN A fbr TOKA and the low afiBnity NC3F receptor m neuroblastoma correlated 

with a favorable prognosis. . . ^ • • a.^ 

Nucleic add encoding SAg is fiised to nucleic acid encoding the above angiogemc fectois or 
receptors and introduced into tumor cells; alternatively, the two nucleic aads are used to 
Sfected tmnor ceUs. These tnuKfectants are p«^ 

vivo as a preventative or therapeutic antitumor vacane (Examples 15, 16, 18-23). Thqr are also 
useful er wvo for inducing tumor specific effector cells for adoptive immunotherapy of cancer 
(Examples 2-5. 7, 15. 16 18-23). 

M r^mbinatinn of SAe^th Cell Cvcle Protein . 
SAe-encoding mideic add is iiised in frame to nucleic add encoding a ceU cycle protein such as a 
cycHn whi«4 is overexpressed in tumor odls. Examples of these ceH cycle proteins are 
mefencd for such fusions are Qydins A, B. Dl. E. These piotdns are ^erally comp^ to 
kinases or transcription fectors at critical checkpoints in the ceU cycle, m cychns, CDKs and 
their inhibitors are shown in Table 1. pl93 of Peten G et al., supra. 

In another embodiment, nudeic add encoding SAg is cotransfeded into tumor cells with nudeic 
add encoding a ceU cycle protdn as above. These transfiKtants are prepared as m Exanpl^ 1. 
They are usefiU in vivo as a preventative or therapeutic antitumor vaccmes (Ex^es 15, 16. 18- 
23). They are also useful ex vivo for inducing tumor specific effedor cells for adoptive 
immunotherapy of cancer ^xaixq>les 2-5, 7, 15.16 18-23). 

^n nnmhiningSA f xHth Tumor SiiTwessor Genes p53 or Developmental Gtmes 
S Ae-encodtoe nucldc add is fiised in fiame with tumor suRpressor gene DNA and the fiised 
nuSS!S<Sintotumorcellsoraccessory cells. Alternatively, the two nucleic aads 
are nsed to cotransfeded these cells. Examples ofsudi tumor suppressor genes arc shown m 
Table 9 7 p.l87 of Franks LM et al., supra. Examples of mutated tmnor suppreswr genes indude 
the APC and MCC genes and thdr isofi)rms, the DCC gene in colon cancer, the BRCAl tumor 
suppressorgeneinbreastcancerandtheDPCgeneinpancreaficcanoer The p53 gene and rts 
^KsSSso useful in this embodiment. A list of p53 responsive dements and associated 
proteins nsdiil in this invention is given in Tables 1 and 2 pp. 267-269 of Peters G et al., supra. 

In another embodiment, nucldc add of devdopmental gpnes is used in place of tmnw suppressor 
or p53 genes. Examples of such developmental or differentiation genes are wit anAJwt genes. 

Transfedanls are prepared as in Examples 1. They are usefiU in Ww^apreveiitative or 
SS&antitu^WineaccordiiigtoEx^ They are sd«)usefid«fv,vo 

for indudng tumor specific effedor cells fbr adoptive immunotherapy of cancer (Examples 2-5, /, 

15. 16. 18-23). ^ . 

'^^ rftmhining SA p with Cell Surface GlYOOProtews ffr fteir Ryxptors 

S Ag.*ncoding nucldc add is fiised in ftame witii a nucleic acid encoding a cell surface 

gSoprotdn and or its receptor and the fiised nucleic add is introduced into tumor ceUs or 

aa»a»ryccUs. Alternatively, the two nucteic adds are used to cotransfectedthe^ 

Examples of these dyoopiotdns or receptors indude integrins. vitronedm teoqptors, lamimn 

SSS SdheriifSdn and CD44 and isoforms. VCAM-1. P-Setectins. E-Seledin. NCAM 

mdMCAM. Transfcdants are prepared as in Example 1. They are useful in vivo as aprevmtetovc 

^theiapeuticantitimiorvacdneaccordingtoExamplesl5.16.18.23). ""l^ ^re ^Iso usdW «r 

vivo for inducing timmr spedfic effector cdls for adoptive mimunoUierapy of cancer (ExanqHes z- 

5,7,15, 16 18-23). 
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32. Combining SAe with C ytokines and Chemoldnes 

SAg-encoding nucleic add is fiised in ftame with nticleic add encoding a cytokines and 
chemokines, and the fused nudeic add is intioduced into tumor ceUs or accessory cells. 
Alternatively, the two nuddc adds are used to cotransfected these celk Example of chamokm^ 
anSSS that are useM herein indude RANTCS. IL-5. IL-?. IL-12. IL-13 TNF( and 
TNF( CheniokinesaresniaU(typically6-10kDa)peptidesthathavebeendmdedinto 
designatedC-CandCXCbasedonthesequenoeofthefiisttwocystdneresidues. Thetwo 
fiunilies exhibit preferences for difierent target ceU types: C-C diemokines ad pmnanly on 
macroidiages. 

Chemokine gene expression is induced \v the adion of other growth fadors and cytokines and are 
actively expressed in soUd tumors showing inflammatory involvement and maaophage or 
neutrophil invasion. Chemokines of the C-X-C class containing the amino acid sequence motif 
ELR have demonstrable angiogenic adivity which can be inhMted by C-X-C diemokuus fa<tog 
the ELR motif. Thwefore chemokine expression by dther tumor cells themselves or dialed fiom 
stromal cells by the adion tumor-derived growth fadors. have the potential to regulate tumor 
growth by modulation of angiogpnesis. G-CSF is a growth fiidor for granulocyte precursors, and 
IL-2isagrowth&ctor£brTcdls. 

Nucldc adds encoding SAgs are fused or cotransfeded into tumor cells with nucleic aads 
encoding the above cytokines, chemokines and chcmoattiactants. The transfectanls are prepared as 

in Example 1. Thqr are usefia in vivo as a preventative or therapeutic antitumor vacane 
according to Examples 15, 16, 18-23). They are also useful ex vivo for inducing tumor specific 
efifedor cells (at adoptive immunotherapy of cancer (Examples 2-5, 7, 15,16 18-23 

-K-i Combining S A |» with Trans crintion Factors AP-1 and NFkA . . ^ w ^ 

Transorotion &ct« genes may ad as ona^nes. The/«» femily of transcription fectors tend 
specificaUy to AP-1 sites which confer the effects of potent tumor promoting lAoibol esters on 
responsive genes and speaBaUSy Had to o-jun homodimers or c-jun/c-fos hetcrodimers. v-rrf 
encodes members of the NF-kB famity of transcription fadors. Transforming oncogenes such as 
v-ets and v-myd also encode transcriptioa &ctors. 

The T ceU signaling system re^ndingto SAgs activates the JAK. TNF (TRAF). IL-2 and IL-12 
pathway probably via NFkA activation. LPS has a T ceU stimulating efiFed and may fuse with 
SAg to produce additional stimulation or epitope expansion. The NFA nuddc aads are fused to a 
promoter which activates sequences encoding the SAg receptor or the sequences encoding the key 
Vb domains binding SAgs or regions in the Vb receptor whidi are activated by the SAgs. 

SAg-«icoding nuddc add is fused in frame with nucldc acids encoding a transcription factor 
such as those above. Transfedanls arc prepared as in Example 1. These transfedants are prepared 
asinExampleL Tliey are used in Wvo as a preventative wther^wutic antitumor vaccine 
according to Exanq)les 15, 16, 18-23). They are also used ex vivo for indudng tumor specific 
effector ceils for adoptive immonotheiSQiy of cancer (Exanqiles 2-5, 7, 15, 16 18-23).) 

71 gApjc Aii pment the ImmunostimulatorY E f fects of Tmnor Assodated Peptides. Binjuy ^nd 

Temarv Complexes , . , , as 

Bacterial SAg are presented to T cells via the MHC class n molecule by multiple low afiSm^ 
attachments, resulting in stimulation of the T cdl with very low concentrations of antigoi. SAgs 
augment the presentation of antigenic peptides to T cells without sterically interfering with each 
other's ability to bind and activate the TCR. These augmenting peptides are incorporated mto the 
SAg structure. 

SAgs inay also iMnd to tenary or ternary comptexesoftumorpeptide-MHCclass I or tum« 
pqjtid^MHC class H conqjlexes, either in sohition or afBxed to a TCR or the surfece of an APC. 
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In one einbodimenl, the SAg is first bound to APCsorTceUsfo^^ 
itweenMHCclassIorclassnandtumorpeptide. Alteraatwdy.tt«SAgn.ay&^^ 
ceU-bound, soluble or immobilized MHC class I or class H «olecute. after whidi Ihetonor 
peptide is added. This tiimolecalarconq>lex is then presented to the T cell via the ICK. 

to another embodiment. SAg is first bound to an APC or to a T?^,^'^ 
Following this, CDl-glycosylceramide complexes aie added and allowed to bind to NKT ceU 
TCRVbchaia SAg^beboimdtofinrttoCDl-glycosylceramidecomptoesm»l^^^ 
affixedtoCDl+cSorNKTcellsviatheTCR. SAgsmaybeboundtoCDl complexes with 
Swsylceramide or a glycosphingolipid (with a conserved SAg bmding site) m solution or when 
fiLltoCDl+cellsor NKT cells. Alternatively, SAgs are bound to ternary oomptexesconsistmg 
of CDl-slycosylceiamide affixed to the NKT cdl TCRorboundto CDl-glycosylc«amide on 
SSinSonorimmobilized,beforeithasaffixedtoth^^ ^^^-^f^^'^Si'*. 
bomid to binary complexes of (a) Ca>l-glycosylcenunide, (b) CDl^ycosphmgohpid, (c) (^14- 
LPS or (d) MHC^umor peptide complexes that have either a SAg receptor sequence or a TCR Vb 
SAg-lHncUng sequence. 

The complexes described above ate used in vivo as preventative or ther^c antitumor vacdnes 
accoidinTtoExamples*. 15. 16, 18-23. They are also used ex wvo for mdw^ft^^ 
efifectorceUsthataiethentakenforadoptiveimmHnotherapyofcancer. (See Examples 2-5. v. i4, 

15, 16 18-23). 

?5 SAes Combiiied with Brod ncte of Antigen Processing Pathways 
A chimeric gene is prepared consisting of SAg-encoding micldc add fiised in firne to nucleic 
adds encoding (a) the endoplasmic reticuhnn (ER) tianslocation s^eMTet^^>V>) . 
tiansmenibrane domain, and (c) lysosomal targeting domain of LAMP-1. LAMP-1 a a type i 
transmembrane protein localized predominanfly to lysosomes and late endosomes^ The 
cytoplasmic domain of LAMP-1 contains the lyr-Gln-Thr- He sequence that medi^ the 
teraSof LAMP-1 into the cndosomal and ^sosomal compartments. The specific targpting of 
the SaIb to the cndosomal and lysosomal compartmente aUows SAg peptides to complex with 
MHC class n molecules and enhance presentation. 

The MHC dass I presentation pathway operates on a three level system. At one level there is 
nrotdn madiinery dedicated to peptide manufecture - the proteosome omplex^ Th^ 
peptide uanspotters ddiver antigens into tiie ER. The class I molecules tiKanseWes exhibit 
SweafBnitiesfor peptides. Genes clustered in the region of tiie dass n gene enaxle 
pnjieosomeand tiansporter. SAg peptides are transported into tiie ER-primanty^^ 
{raismembrane "tube" coiutisting of two polypeptide duiins caUed TAP-1 and T^-2 Oraiisporter 
associated with antigen processing). In mammals, genes encoding TAP-1. TAP-2 and two 
pioteosome polypeptides are all located witiiin the class H region of the MHC. 

The dass 1 pathway starts in the cytosol where proteins produced inside the odl are de^j^ 
Uie multicatalytic pioteosome complex. The peptide produds are translocated into the ER by the 
TAPprotdns. to the Iranen of tiie ER. tiie peptides bind the dass I protem groove while the latter 
are complexedwitii tiie chaperonep88,b2m and TAP. After securing a peptide in its binding 
BTOOve Uie class 1 complex is released flx)m TAP and uansported tiirough tiie Goigj s^^ratus to 
Ae eel surface. TAPgenesaredosely linked to tiie LMP2 and Dwindle dass U MHC ^ 
dusterandbdongtoa&mily of molecules involved in ATP-dependent membrane tianslocation 
known as flie ABC (ATP4)inding cassette) tiansporters. TAPl and TAP2 function as a 
heterodimer each subunit having over 50O amino adds eadi witii two ""^^ 
membranespanningregionsandacytosolicATPbindingmotif BotiiTAPl airfTAK aibumts 
arerequiredforpqJtidebindingawitranslocatioft TAPl appeanJtobeimquelymvoWedmthe 
inteiSs with^ Vb2 dimers at tiie hmiinal membrane of flie ER where it interacts wijh tiie 
membrane proximal region of tiie a3 domain of class I-b2m complexes pnor to peptide loading. 
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Interaction between class I and TAP is crucial fo^ Antigpn presentation 

is mediated by an additional fector, tapasin. TAP also binds 2M independently of class I heavy 
chain, perhaps fecilitating rapid assembly of class I peptide -binding complexes. TAP heteiodimer 
may show a prefermce for anqjhipathic molecules as T cell antigenic determinants are often seen 
chjstered around sequaices where anqftipatWcheUcal structures are predicted TAPprefers 
peptides 8-10 residues in length but may transport peptides ranging ftom 7-40 residues.. 

Invariant chains are transmembrane glycoproteins found in intracellular compartments in 
association with class II molecules. Multimers consisting of three class I ab dimers and three 
invariant chains assemble rapidly in the ER and travel across Golgi bodies to the trans-Golgi 
network that intersects with the endocytic pathway, where dass II molecules reside for about 1 -3 
hr before transit to the cell surfece for display to T cells. Alternative splicing of the imrariant 
transcriirts produces two isoforms p3 1 and p41 both of which can operate to assist folding of class 
II dimers, direct the passage of class II firom the ER through an exocytic pathway, and block 
loading of peptide until peptide sampling can occur as exocyti>endocytic pathways intersect A 
four residue targeting signal at the N4erminus of the invariant chain that is essential for 
intracellular transport to endosomal compartments. The C4erminus and the transmembrane region 
or the invariant chain are also necessary for sorting of class Il^nvariant chain complexes to the 
endosome. p41 appears to regulate the production of a stable 12-kDa SLDP-cIass n complex 
capable of oihandng SAg presentation. 

S Ag-encoding imcleic acid is fused in frame with nucleic add encoding a protdn involved in the 
antigen i»ocessing pathway such as the im'ariant chain or TAP which fedlitate^ 
the SAg in the context of MHC class I and Hrespectivdy. Tumor cells, accessory cdls and 
hybrids thereof are transfected with fused SA^-invariant chain DNA as in Examples I and 5. 
They are used in vivo as a preventative or therapeutic antitumor vacdne according to Exanqdes 
15, 16, 18-23. They are also used ex vivo for inducing tumor specific effector cells for adoptive 
iimnunothenqpy (^cancer (Examples 2-5, 7, 15, 16 18-23).) 

SAg polypeptide post translationally is fiised or associated with additional molecules such as 
mono and digtyco^loeramides, induding but not limited to *^omenc mono- and 
digalactosylceramidesGalCer,a-Gal, glycosylated and preriylatedSi^ These constructs 
translocate with the appropnBt& traffidsing molecule eg., invariant chain, TAP, LMP» to selected 
surface receptor such as MHC dass I, MHC class n or CDl. These transfectants are prepared as 
inExarapIel. Ttey are usefid www as a preventative or therapeutic antitumor vacd^ 
according to Examples 15, 16, 18-23. They are also useful ex vivo for indudng tumor specific 
effector cdls for adoptive immunotherapy of cancer (Exanq)les 2-5, 7, 15.16 18-23). 
36. SAgs Combined wit T' S^'p^^^ Tfa nsduction Molecules or Heat Shock Proteins (HSPs) 
S Ag-«ncoding nuddc add is fused in frame to (or cotransfected with) a nudeic ad d encoding 
"signal transduction molecules" such as Ras, JAK 1 and STAT-la and heat shodc proteins HSP- 
60, HSP-70, HSP-90a, HSP-90h, Cox-2 as well as heterotrimeric G piotdns and ATPases. The 
genes for Sl^hylococcal HSP-70 useful in this invention have been cloned (Ohta, Tetai,, J. 
, Bac^enerfe®^ i76; 4779-4783,(1994)). Asusedheidn^SAgpdyp^ 
above structures at the pqjtide or nucleic add level. Preferred proteins for this embodiment are G 
protdns, ATPases and HSPs. Chemical conjugation is carried out by conventional methods, e.g., 
use of preferred heterobifuncdonalcrosslinkers. Alternatively, conjugates are produced 
gendically as fusion proteins by conventional methods. In y^ anotha* embodiment, the 
conjugates are created by permitting natural binding of the components to each other without 
chemical modification. Ar^r of the fbregpir^ conjugates or fusion proteins may be used when 
incorporated into vesicles or exosomes secreted from a cclL Sec Exanq)le 36 for methods and 
protocols. 

SAg-enooding nuddc add is fused in frame (or cotransfected) with nucleic add encoding a signal 
transduction protdn or HSP. Transfectants are prepared as in Example 1. They are used //ivm> as 
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a preventative r therapeutic antitumor vaccine aocordiiig to Examples 15, 16, 18-23. They are 
also used ex vivo for inducing tumor spedfic effector cells for adoptive immunotherapy of cancer 
(Examples 2-5, 7, 15, 16 18-23). The peptide or polypeptide conjugates are also useful for the 
same purposes. 

37. SAgs with Specialized Sites for C-terminal GPl an choring- GWcosvlation. Sulfation, N- 
Mvristovlation. Phosphorylation. Hvdroxvlation, N-Methvlation. Signal peptide binding. LPS 
bindiniBL HSP binding. Chemokine hindin]g and Prenvlation 

SAg-encoding luideic add is fused in frame to nucleic adds encoding the above "specialized 
sites" and transfected into tumor cells or accessory cells The structures of these sites is given in 
Table 3, p. 48 of Rodcer RBI et al, 1 Nutrition J 23: 977-990 (1993). 

Tumor or accessory cells express SAgs in a variety of £^ons after post-translational 
modification (Wilkins> MR. et aLy Proteome Research: New Frontiers in Functional Genomes 
5/7r/nger . Beriin, Germany (1997)). For example, n^rristoylated SAg will bind to surfeoe lipids 
and will be minimally secreted In glycosylated form, the SAg will be routed to the dass II 
pathway and appear bound on the cdlsurl^. When bound to invariant chain, the SAg will be 
routed to the class n receptor. 

Nucleic adds encoding proteins that active in post-translational modification of SAgs are fused in 
fiame to nucleic and encoding SAgs. These posttranslational modifiable sites include, but are not 
limited to, a C-terminal GPI anchor, glycosylation site, palmitoylation site, myristoylation or 
ptenylation site, N-methylation site, hydroxylation site, phosphorylation site, sulfation site, signal 
pqpftidase site, caibo?^lation site aruiprenylation sites. 

The incotporation of many membrane ptotdns into the lipid environment is based on sequences of 
largely t^drophobic amiito adds that can form membrane spaiming domains. However, a largje 
number of meinbrane associated proteins do not display hydrophobic dements in their primary 
sequences. The capadty for membrane association in these cases is often provided fay covalent 
attadunent (dther cotranslationally or post translationally) of lipid groups to the polypeptide 
chain. Acylation of protdns by aMtion of C14 myristic add to an N-terminal gfer residue or 
addition of C16 palmitic add by thioester linkage to cysteine residues is in a variety of positions in 
SAgs. Palmitcylation of SA^ is not restricted to thioester linkage and m^ occur thro 
oxyester linkages to serine and threonine residues. Furthermore, thioester linkage of &tty acyl 
groiqis to proteins is not restricted to palmitate. Longer chain &tty adds such as stearic add (CI 8) 
and arachidonic add (C20) are also produced. The addition ofpalmitcyl and/ or myristoyl groups 
with varying lengths confers additional and sufEident binding energy for hydroplu^c binding of 
protdns to recqitors, membranes or lipid tnlayers. The attachment of palmitate is sufBdent 
whereas the attachment ofmyristate is insuffident in isolatioiL Palmitoylation thus provides a 
means for meinbrane anchorage of SAgs and can allow efiective concentration of an enzyme or 
other regulatory proteins at the membrane. 

Glycosylated SAg is b^er capable of t^dmg to oligosaccharide receptors on blood vessels, 
inflainmatory cells or irnmunocytes. Signal peptide sequences permit the SAg to be routed to 
various cdl sur&ce receptors. Prei^lation is inqx>rtant in the membrane attachm^ and protein- 
protdn interactions of SAgs and oncogene activation. Prenylation, or posttranslational enzymatic 
addition of prenyl, geranyl, &mesyl or goanyigeranyl, involves reactions of a prenyl diphosphate 
with a cysteinyl sulfhydryl groi^) near the C terminus of the protein to give a prenyl-S-C^ moiety. 
Characteristically the Cys-ali-ali-Xaa sequence ("ali** is an aliphatic amino add; Xaa is any amino 
add) is recognized by the transferase that catalyzes the reactioa. Whai Xaa is s^ine, alanine or 
methionine, the protein is &mesylated; "wbsti Xaa is leucine, it is geraxQ^lgeianylated. 

Famesylation of the protoonoogene p21 is integral both for its membrane assodaticn and 
transforming activity. Famesylated proteins mediate the induction by K^lbofNOS whereas a 
geranylgeraixyiated proteins repress this inducdon. 
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Nucleic acids encoding HSPs. along with their P«)mo^,«e ^^^^[^^^ 
with SAg nudeic acid. These include but are not tamted to two recenttj^cov«ed HSP^. 
oif37 and orf 35 in Staphylococcus aureus that are «PStt«am and dovmstre^^ 
dnaK(hso70) and Aa7(hsp40) in the Mowing sequence: oTG7-hsp20-hsp70-hsp4(M»if35. 

usefid as preventative or therapeoUc antitumor vaccines according to E'^amidemi^ 18-2^^ 
They are also useful erv/vo for pn)dudng a population of anU-tumorT o^ NKT cells or NK 
cells for adoptive inmnmotherapy of cancer (Examples 2-5, 7, 15, 16, 18-23). 

Most eukaiyoUc cells are decorated with chemical groups such as phosphates, methyl^ sugars, or 
lipidsduringoraftertheirtranslationfiommRNA. Tlese extra gmpshavevanousfi^^ 
oSnservinJasswitchesorlocalizaUonsignals. One lipid modification is piotem prenylaO^^ 
which a 15-arbon famesyl or 20<art»n geranylgeranyl group is attached to the protein s -COOH 
terminus followedby other modifications (pioteolysis, methylation, and palmitoylauon). 

Most prenylated proteins are members of signal transduction cascades. For example, the -subunits 
of hetLtrimericguanosine triphosphate (GTPHrindmg pioteim (G prote^ "ll^S^ 
members of the I&erf^ of proteins. Famesylation of H. K, N-Ras is ««mial for the 
S^foncogenicmLitsofthese proteins to transform cells. 30% of estabhshedtumo ceU 
lines contain mutationally activated Ras proteins. FTaseinhMtorsshnnktmnors mammals to an 
undetectable size with no significant toxidly after weeks or months of exposure. Famesylation is 
a oretequisite for palmitoylation. Palmitoylation of H-Ras occurs only in the plasma membrane 
by a putative membrane4)ound palmitoyl transferase. Farmisylation may brmg a finite amount of 
H-RiB to all cell membranes, at which point and pahnitpylalion is reqmred to trap U m the plasma 
membrane. H-Ras palmitoylation like G protein -subunit palmitoylation, is reversftle and inay 
regulate signal transductioa COOH terminal proteolysis of prenylated proteins and methylation 
arerequiiedforpahnitOTlation,membianebinduigandRasflinction. Prenylprotemsp^ 
prot^ and inethyltransferase like Flase may be good targets for drugs that prevent oncoga^ 

Common N terminal additions are firtty acid acylations and glycosylatiwis which provide 
polypeptide chains with short "UpophiUc handles" or recognition sites that serve to fecditate their 
vertoral transport or compartmentalization are common N-terminal additions. For example, 
myristic acid in the form of myristyl CoA serves as a substrate for spedfic N-termuial acylaUoms 
that are important in anchoring proteins to endoplasmic membranes. The most common C- 
tenninal modifications are amidations. acylations. polyadenylations andthe i^ymatic addition 
of tvrosyl residues. Similarly the C-teiminal acylation process is complex. ftenylaUon occurs at 
SSSsoftenassodaLiwithprotdmithatendinCys-Val-Il^^^ TJerKidion sequence 
involves (1) a fin* prenylation (addition of a fiimesyl moiety to Cys) foUowed by (2) cUavagp of 
the Ala. ne and Val residues and (3 ) the caiboxymethylation of the resulting C-terminal prenylated 
cysteine. In addition to providing a membrane andior, this modification often is essential to 
function of oncogenes such as Ras. 

Two separate and weU characterized pathways for caibohydrate addition: theN-linkeddolichol 
pyrophosphate mediated pathways and the 0-linked pathways that utilize UDP TO 
wbsttates and hydioxylated amino add side diains as sites for attadmients. Side chains amino 
phosphorylation of spedfied protdns usually at tyrosyl or serinyl residues as a way of causing 
Lcale-likeamplifiraUons in a metabolic system. MethyLition and methyl additions can also 
serve as novd on-off switdies for metabolic processes. The targeted ammo acids or mrt^l 
additions are lysine, histidineandarginine. laprokaiyotes.reversibtemethylaaonsofas|mtyl a^ 
glutamyl side diains can occur. The best example is caiboxymethylation of glutamate whidi is 
Loomed with bacterial chemotaxis and is elaborated by the opening and dosing of membrane 
ion diamids upon methylatioa and demethylation. Posttranslationalmodifiaitions(anleadto 
crosslinking and stabilization of protein matrices. Amino adds such as L-lysine, L-glutamine. l- 
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cysteine and L-tyrosine are utilized extensively as sources for protein cross-linking. Examples 
include the extracellular matrix cross linking of cx)llagen and elaslin and the stabilization of 
keratin-derived matrices and tubulin by -glutamyl lysine crosslinks. 

In bacteria the majority of proteins that form durable wall associations possess either distinctive 
N-terminal signals (lipoproteins) or more commonly distinctive C terminal waU associating 
signals although a number of wall associated proteins possess neither of these types of signals. A 
number of waU-assodated proteins in gram^tive bacteria arc anchored to the external surface 
of the cytoplasmic membrane via a covalently attached lipid moiety. Both gram-negative and 
gram-positive Upoproteins possess similar distinctive N-terminal signal sequences which contain a 
tetrapeptide consensus at the dcava^ site consisting of Leu-X-Y-Qrs where X and Y arc 
predominantly smaU neutral residues and signal and signal peptidase cleavage occurs brtwera Y 
andCys This sequence directs dtheroo- or post translational modifications involving tra^ 
glycerol from phosphatidylglycerol to the +1 Cys, followed the transfer of fatty acids frt^n 
phosphoUpidtotheglyceryl-prelipoproteintoproduceadiglyceride-prelipo^ TheC 
terminal end of a large number of Gram positive wall-associated proteins share common structural 
features that arc required to localize these proteins in the cells wall. These C^erminal structures 
include a number of distinct features. At the extreme C-terminus there is a stretch of 15-22 
Itydrophobic residues, foUowed by a short tail of predominantiy charged amino aads. 
Immediately upstream fiom this hydrophotoic/charged^ail domain, there is a highly conserved 
Lcu-Pro-X-Thr-Gly-X (LPXTGX) motif which is usually preceded by a sequence containing a 
high proportion of regularly spaced i»olines. CTI anchors have not been identified on bacterial 
cell sur&ce proteins. But the strong conservation of the LPXTGX motifs and of a 
hydrophoKc/charged tail residue -helical domain are common structural features that are required 
to localize these proteins in the cell. Protein A is oovalentiy coupled to tiie cell waU whereas of 
the proteins are not Non -covalent interactions inay occur in some proteins holding it in the cell 
waU while cross-linking occurs around proline rich region to form peptidoglycans. Hydrogen or 
vrater binding sites can be created by hydroxylation reactions, e.g, , hydro^o^ation of proline m 
collagen provides sites for intrachain l^drogen and H20 bonding. 

S Ag-encoding nucleic add is transfected into cells together with coding regions to permit the 
above post translational modifications which contribute to tiie production of an imnmnogemc 
tumor cell, accessory cell (preferably a IX:) or a tumor ceiyaccessoryceUhyb^ Suchnucleic 
acids encoding the sites for post-translational modifications of S Ags are useful in the structural 
modification, translocation, ceU surface binding and assodation with key energy-produ^ 
signal transduction molecules and receptors. The cells expressing tiie products of tiiese post- 
translational modifications are useful as a preventative or therapeutic antitumor vacdne according 
to Examples 15,16, 18-23), They are also useful ex vivo for producing a population of anti-tumor 
T cells, NKT cells or NK cell for adof^e inmnmotherapy of cancer (Examples 2-5, 7, 15, 16, 18- 
23). 

1R S Ag ^s and SAe Proteomes for Enhan ce^ lynmunogenidtv. Spedfidtv and Intracellular 
Trafficking of Soluble or Cell-bound Binary or Terna ry Complexes 
SAgs with genetically en^neered binding sites are provided in order to enhance thei^ 
bioreactive conqjlexes. peptides and LPS's and galactosylceramides. SAg$ with a glycosylation 
other gl^»sjiceramide binding site hind to gtycosylceramide-CT>l or gtycosylceramide-CDl 
complexes alone in soluble or immobilized form, or cdl bound after binding to a receptor on a T 
cellorNKTcdl. SAgs are also provided witii an LPS binding site for binding to soluble, 
immobilized or cell bound LPS-CD14 complexes. 

SAgs are provided with a glycosphingoUpid or glycosjiceramide site lay which tiiey can bind to 
CDl-glycosylccramide or O^l-gjyoopsphingplipid complexes present in soluble, immdnlized 
form or affixed to CD1+ cells or NKT ceUs. Glycosylated SAgs are bound to (3D1- 
glycoqrlceramide complexes in soluble form or fixed to CD1+ cells SAgsarealso 
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provided with an overexpressed site for MHC class I molecules, to increase the effectiveness of 
binding to MHC class I-tumor peptide antigen complexes or TCR-bomid MHC class I-tumor 
pqpdde complexes. 

S Ags are engineered with repeating peptides which bind to the Vb chai n to increase clustering. 
S Ags with an "overexpressed" ( in terms of number) S Ag receptor site binds to tumor ceUs 
expressing SAg receptors. SAgs possess a site for binding HSPs which are useM in immumzmg 
normal or anergic T cells in a tumor patient. SAgs tend to T cell antagonist MHC-tumor pepude 
complexes converting the Wnaiy complex to a ternary complex with T cell agonist activity. 
Anergic T ceUs are activated by these ternary complexes. 

SAgs arc prepared with an overexpressed site for binding glycosphingolipids or 
glyoosylceramides. These complexes are loaded onto CDl receptors of antigen presenting cells 
and presented to the tumor bearing host either in vivo or ex vivo (Examples 4, 5, 7). SAgs, with a 
myristoylation site wiU hind to bacterial glycolipids such as Upoarabinan or a rayoolic acids The 
binary complex is then loaded onto APCs expressing CDl receptors. These cells are then used i/f 
vivo (Example 14, 15, 16, 18-23) to produce a tumoricidal response. Alternatively, they are used 
ex Wvo to produce tumor specific efifector T or NKT cells for adoptive imm^ 

2,7,14, 15, 16, 18-23). 

A SAgs may also be prepared with signal sequences for protein sorting and intraceUular 
trafficking. Signal sequences oonqnise short stretches ofamino adds located at the N termini 
a protein, the C terminus or in the middle ofthe peptide chain. The plQ^cal properties of these 
sequences e.g., their polarity or charge. Signal regions are three dimensional domains on the 
surfece of a protein made up of different firagments ofthe same peptide chain or by different 
chains altogether. Structuralsignalsarerecognizedandboundby receptors located on the 
membranes of organdies. Signal sequences also serve as recognition sites for enzymes which 
modify the proteins altering thdr properties and bring about a change in their fete. Oncetheyhave 
fulfilled thdr function, some of the signal sequoices are removed sequence specific hydrolases. 
Signal peptides fused to SAgs guide them to the secretory or cxocytosis pathway, or to proteins 
localized to the endoplasmic reticulum, lysosomes, mitochondria, nucleus, peroxisomes or 
secretory vesicles. 

GPI-SAg-Ceiamide or GPI-SAg-CDl-Ceram ide Complexes Expressed on Tumor Cdls, Antificn 
Presenting CcHs. Yeast Disiilavs. Sec Yeast M utants. APC/tc HyWd and Shed as Exosomes 
CeUs expressing, overc^qwessing or shedding GPI jrotdns are pr^)ared so that they comprise 
covalcntly- or noncovalently bound mono- or diglycosylceramides with terminal or subterminal 
al-2, al-4 or al-6 configurations and SAg protein or peptide moieties. 

The synthetic pathway involves transfection of SAg DNA into a tumor cell or accessory cell or a 
hybrid thereof. The SAg protein is translated in a precursor form consisting of a receptor-coding 
region sandwiched between arnino and carbo>gr-4erniinal sequence signals. In the endoplasmic 
reticulum, the signal pej^des are cleaved and a GPI anchor oonqjrising a gfycosylceramide 
optionalfy bonded to a phytosjAingosine chain is attached at a specific ri^ Further 
post-translational modifications arc made in the G<rfgi before trafficking to the outer leaflet ofthe 
plasma membrane. Once GPI-S Ag molecules arrives at the cell surfece, th^ may remain entirely 
mobile within the lipd bilayer or may associate within memlrane subdomains. 

GPI-S Ags are released fix)m the cell surfece into the extraceUular milieu. They leave the cell 
surface as SAg-glycan-liirid complexes, as SAg-gJycan complexes or as fiee SAgs devoid of a GPI 
anchor. GPI-S Ags xdeased fiwn intact cell are also released free of thdr lipid moiety, hence thdr 
designation as LIP(-) GPI-S Ags;, whereas those presumably released with an intact lipid moidy 
are termed LIP(+)GPI-SAgs. The lipid fteemmeties are more hydrophUic and therefore soluWe 
in an aqueous environment, whereas the intact lipid-gjycan-protdn complexes travd in more 
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hydrophobic environmeats. In the absence of deteigents. the released or "shed* LIP^+)-GPI-SAgs 
in vivo are vesicles with clearly defined Upid Wlayers or as hs^tophobic aggregates lada^a 
bilayer morphology. These shed vesidcs, often referred to as exosomes, contain many LIP(+) 
GPI-SAgs. The shedding process itself appears to depend on GPI-protdns. because vesiculation is 
iwhiced by 50-90% in cells laddng GPI proteins. 

Shedding is enhanced by treating the tumor cells with 20 mM retinoic acid. In addition high 
concentrations of glycosphingplipids on the tumor cell suifiice are geneiatedby selective tomsport 
from the site of synthesis to the cell surfece. Provision of ceramide containing the a2-hydro^ 
fytty add C60H results in (1) conversion to galactosylceramide, galaWosyiceramide and suiatide 
and (2) sorting in the trans-Golgi netwoik to the tumor cell sur&ce. CEPI-SAgs remain 
biologically active after being released from the outer leaflet of ceU memteanes. UP(+) GPI 
proteins may also transit to a^acent membranes where they assodate with the exogenous 
^branes by incorporating themseKes into th^ lipid bilayer in addition to binding to surfece 
receptors. 

Addititmally, supeiantigen or oxyLDL recqjtor nudcic adds are ttansfected into yeast sec mutant 
The yeast sec mutant,6-4, contains a temperature senstive mutation in a gene product r^^juirBd for 
the tranqxwtofseoetoiyvesides for the trans-Golgi netwoikto the plasma membrane. Gene 
emression is initiated by an inducible promoter concomitant results in the arrest of veside flision 
and the insertion of SAg or LDL receptor protein in the idasma membrane. Thus gene ejqjression 
begins at the same time that sensory vesicles become unable to fiise with the plasma membrane, 
ensuriiigfliatflie desired gene produds accumulate in the membranes of these vesicles. The 
purification of these vesicles is rajHd and sin^>le,then*yfecilitating the subsequent 
characterization of the desired gene product Because the Sec6 jwotdn is known to be involved 
only in the fiision of these vesicles with the plasma membrane, translocation and processmg of 
proteim in the endoplasmic reticulum and processing in the Golgi are largey unaffected by the 

Sec6 mutation. The transfected supeiantigen or LDL nuddc add (plasnrid) is e^qwessed as 
superantiaen polypeptide or oxyLDL receptor polypeptide in vesides in association witii yeast 
GPI-lipid membrane structures. The lipid portion of tiie SAg-GPI-lipid complex comprises a 
ceiamide witii a C26 dSbyiitosy q»hingosine or phyto^hingpsine configuration which is essential 
for activating NKT cells. The resulting SAg-GPI-phytosphingpsine vesides have the c^aly to 
activate T cdls via tiie superantigen and NKT cells via the phytosphingosine and thus produce a 
potent anti-tumor efifect. Administered preferaWy by dired administration mto tiie tumor tiie 
ojwIDL receptors induce an excessive accumnation of endogenous or exogenonsly admimstered 
ootLDL and LIX. at tiie tumor site. The deposited oxyLDL induces ^xjptosis and foam cell 
formation in tumor cdls and tumOT microvascular enodflielial cells reailting in potem ftimoncidal 
reqxjnse. Optionally, SAg-GPI-^Jhytosphingosine are expressed on tiiese vesides togetiier witii 
vesicles ejqnessing axyUSL receptor-GFI-i>lqtoq)hingosine or ojqr LDL receptors. Timor 
assodated peptides and polypeptides , tumor ^ptosis inducing peptides and pe^pepOdes 
induding but not limited to Uttomboqwndin, angiogenesis inhitetor p^des and polypqttdes 
induding but not limited to angiostatin or VEGF are also usdW fiised or conjugated to 
tiie same «c mulart or coadministered witii the SAg-sec mutant in a separate seo mutant 
Vesides containing an of the abofve constructs indudmg but not limited to SAg-GPI- 
Dhvtosphinsosine or oxyLDL receptor-GPI-phytosphingDsine arc prepared and isolated according 
Sie mS^fCoury LA et aL. Methods in Enzymology 306: 169-186 (1999) and as in Examples 
4,5.7,42,50-5L 

All <rf tiie constmds given above are administerd preferentialty by dired intratumoral injection as 
giveninExanqjle20. They are use&il/nwvo as a preventative or tiier^tic antitumor vaccuw 
according to Exanples 2, 7 14-16, 18-23,36. They are also usefiil ex vivo to produce a population 
of T or NKT cells for adoptive immunotherapy of canow (Exanq)les 2-5, 7, 15, 16, 18-23). 

A yeast ceU dispUv system is also used to present SAg to T cdls, NKT cdls or NK celk 
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Examples of such mutations are addition or loss of a cysteine residue m the extr^ular domain 
causiM formation of dimeric and disulfide bonded and activated receptors. In addition it is 
possible to dimerize tyrosine kinases by fusing a tyrosine kinase catalytic domam to a protein 
which is a functional dimer. These fusion partners are able to form homodimers. Such a fusion 
protein results in dimerization of kinase domains which allows their autojAosphoiylation Md 
activation. Interaction with receptors in a manner which promotes dimerization of two different 
receptors is another method to enhance receptor reactivity. The kinase domain of a receptor may 
be mutated to increase catalytic activity or alter substrate ^wdficity. Such mutations eqand 
quantitatively and qualitatively ibe repertoires of substrates in the target cefls andtheid^ shift the 
balance towards activation and transfwrnation. Vfatations in regions involved m negative 
legqlation of receptor function also contribute to the transforming properties. Loss of regions m 
the C terminus that are regulatory serine phosphorylation or anloiAoq^oiylation sites also 
contributes to excessive receptor activity. 

« 

Effector cdls as discussed abcw are paie^^ They may also be used //i 

vivo as tumor specific eflfector (T or NKD cells for the adoptive immunotherapy of cancer 
(Examples 2-5, 7, 15, 16, 18-23). 

An QA ff Miideic Acids Fused p f r/.tr5insferted into Tumor CeU with Nucleic Acids EnoodinR 
Inducible Nitric Oade Synth ase (iNOS) , . 

SAg-encoding nucleic add is fused in frame (or cotransfected) with nucleic aad encodmg 
inducible nitric oxide synthase which produces nitric oxide (NO)^ NO is derived fix)m terminal 
guanido-nit«>giBn of Lnargimne which is catalyzed by the constitutive or inducible mtric oxide 
synthase (iNOS). NO is pldotiopic and is a major cytotoxic mediator secreted by acti^ 
endothelial cells and macr^HJhages. Production of NO is associated with apoptosis of tumongemc 
cells and with a bystander efifect on surrounding non-NO producing tumor cells (bystander effect). 
Non metastatic tumor cells show high levels of iNOS activity and NO, whereas metastatic cells 
donot There is an inverse relation between production of endogenous NO and the tumor cells 
survivability In the present invention, tumor cells transfected with SAg-encoding nucleic^ 
cotransfectedwith nucleic adds encodingiNOS, The gene for iNOS has been cloned and 
characterized by Xie Q et a/.. Science 256: 225-228 (1992). Tumor cells cotransfected with 
nuddc adds encoding SAgs and iNOS demonstrate augmented immunogpniaty via the 
expression of SAg as weU as enhanced auto- and bystander tnmoriddal capacity via NO 
production. 

After administration to a patient and colonization of metastatic sites, the transfectants induce a 
powerful local and systemic tumoriddal efifect The presence of NO aOows the transfectants to die 
naturally via auto-apoptosis within a finite period (usually 72 hours) after admini 
minimizing the risk of inducing active metastatic disease. These tumor cell transfectants may also 
be made to express oncogenes assodated with the metastatic phenol to promote localization of 
the cells to tumor sites in Wvo. The cells may be fiulher transformed by nudeic aad encoding 
angiostatin or otiierangiogenesisinhflMtors for additional tumoriddal potent The transfectant 
are prepared by methods in Exanq)le 1 -3 and used as a preventative or ther^jeutic antitumor 
vaccine by m^hods in Exan^le 15, 16, 18-23). 

di nrx. pther Accessory Cells and DC/tc Hybrids Expressing and/or Secreting SAg 
Accessory cdls arc necessary to generate primary antibody responses in culture. Ctfthevanous 
types ofaocessory cells. DCs are the most effective APC. DCs are a preferred accesswyceU. 
However the invention is not confined to DCs. Any other accessory cell type may be used m 
place of DCs. In particular, accessory cells are defined in Qx/or<fjl)/ctfowfl^ 
and Molecular Biology as including fibroblasts, synoviocytes, macrophages, B cells, Langerhans 
cells and any ottier cell typ& which assists in prochicing an immune reqxmse of any kind. 
DCs have exceptional c^ability to capture antigens, process and present antigenic peptides, 
migrate to lymphoid organs, and induce primary immune responses of botii (358+ and CD4+ T 
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cdls The abiUty of DCs to act as potent APC in the induction of T ceU responses is attribm^ to 
Sighexpies^nof MHC nwlecules and adhesion and/or costimuktory molejales as wdla^ 
the cS csjpacity for to producing cytokines essential for the activation andprohfcration of the T 
cells. 

n« mimber of molecules of antigpn-MHC complex on tumor (and ujfected) cdl^ b^rajty 
anaU( lOOperceUXandarerecognizedly raieT^lldones(atafrequen 1/100.000) via a 
TCXtLthaValowaffinity(lNO./«v»7«,or/»wvo,onlyafewDCsarenec«s^ 
strong response. In the mixed leukocyte reaction, one DC was sufficient to stmuJate 00- 
3.000 T cells. MHC products and MHCiieptide complexes arc 10-100 times l".g»«' «» DCs *an 
ok other APCs such asBcellsand monocytes, ^^ture DCs resBt the suppressive^ of n^l^^ 
but synthesize high leveUofIL-12 that enhances both imate(NKceU) and accp^ 
iLinity DCsaboexpressmaiQ^accessoiymoleculesthatinteraaAmthvanousmd^^ 
receptors on T cells to enhance adhesion and signalling (awtimulation): ocmplcs <rf ««A paip 
are LFA-3/CD58. ICAM-1/CD54, B7-2/CD86. Ttoor cells that express ?7 gene diat CTLs 
against otherwise sUentsubdominant tumor anligpns. All these properttes of DCs (MHC 
^ression. CDl cxprcssioB. secretion of IL-12 and the expression of owtimutotory inoleeules) 
are upregnlaied within a day of exposure to many stresses and "dangers* including microbial 
products. 

Infected cells and tumors fiequenUy lade the oostimulatory molecules that drive clonal oqansion 
of T cdls. the production of cytokines, and T ceil development into kiUer cells. Located m most 
tissues. DCs overcome chaUenges by capturing and processing antigens, and displaymg large 
amounts of MHC-peptide complexes on thdr surfece. They upregulate their co-stimulatoty 
molecules and migrate to lymphoid organs, the spleen and draining lym0» nodes, vihae they 
SSantigen^cTcdS. AU of these activities ofDCs can be induoedby infectious agents 

and inflammatory products, so that DCs appear to function as "mobile sennnds that not only 
bring antigens to T cells but also stimulate those T cells in the induction of immumty. 

DCs arc presem in most tissues in a so-called "immature" state, unable to stimulate T cells. 
Although these DCs lade the requisite accessoiy signals for T-cdl activation, such as CDAO, CD54 
and CD86, they are weU equipped to capture antigens, a key event in the induction of immumty; 
tiie antigen is tiien able to induce fiiU maturation and mobilization of tiie DCs. Termmally- 
diffeientiated or matiire DCs can readily prime T cdls Once activated by DCs. tiieseToeUs can 
complete the immune response by interacting with B cdls for antibody fbnnaaion^ m^rophages 
for CTtokine release, and target ceUs resulting in lysis. Thus, immatoire DCs first handle anugens 
and then, as mahire DCs a day or more later, they potently stimulate T ceUs. 

DCs stimulate CTLs, whidi express the accessoiy molecule CD8 and interact with MHC class I 
bearing cdls, to proliferate vigorously. In the presence of matare DCs and of tt^l2 CD4- 
expiSngT-helper cells turn into interferon ganmui(IFN)-producingTO-l cells. ffNactrvates 
the antimicrohial activities of macrophages and, together with JL- 12, promotes tiie differenliatiOT 
of T cells into killer cells (CTL). The capacity of DCs to produce 11^ 12 and stimulate TH-1 cells 
leads to microbial resistance. Through IL4, DCs induce T cdls to differentiate into TH-2 cdls 
whKh secrete IL-5 and IL4, activate eosinophils and hdp B cdls generate anrntfto^rns^ 
respectively. Da respond to T cells as weU. CD40 and the newly described TRANCE^^ 
recotor on DCs are Ugated by tiie TNF (hunor-necrosis fector) 6mily of proteins ej^ressed on 
aatf^ and niemoiyT cells; tills leads to increased DC survival and, in Ute case of CT^ 
upregulation of CD80 and CD86. secretion of IL-2 and rdease of chemokines such as IL-8 and 
MlP-laandb 

Immature DCs cmtiire antigen (and paitides and micH*es in general) by phagocytoa^^ Tbsy 
tiien foim large jrinocytic vcsides in which extracdlular fluid and sdules arc sampled, a process 
caUed macropinocytosis. Finally, tiiey express receptors that mediate adsorptive endocytosis, 
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including C-type lectin receptors like the macrophage mannose receptor and DEC-205, as wdl as 
Fc, located in most tissues, and Fc receptors. Macropinocytosis and receptor-mediated antigen 
uptake make antigpn presentation so efficient that picomolar and nanomolar concentiations of 
antigen suffice, much less than flic micromolar levels typically employed by otiier APCs. 
However, once Uie DC has captured an antigen, which also provides signals to mature, its abihty 
to c^>tuie antigens ra?>idly declines, and the ceU begins to assemble antigen-MHC class n 
complexes. 

An antigen enters tiieendocytic pathway of flie DC. DCs jwoduoe large amounts of MHC class H- 
peptide complexes due to specialized, MHC class Il-rich compartments (MHCs) fliat abound m 
immatureDCs. MIICs are late^dosomalstnictuies that contain tiieHIA-DM or H-2Mp^ 
wMch enhance and perform editing functions in the binding ofpeptidc to MHC cto During 
maturation of DCs, MnCs convert to non-lysosomal vesicles that discharge tiieir MHC peptide 
complexes to the surface. 

To generate cytotoxic kiUer ceUs, able to eliminate infected cells, and attadc tumor cells and 
transplanted foreign ceUs, DCs must present pcjrtides (complexed generally to MHC dass I 
proteins) to CD8+T cells. Displ^ of peptide4oaded MHC class I complexes on flie DC surface 
foUows translocation by a peptide transporter from tiie cytosol to tiie ER, where complexing 
occurs and then to the sur&ce. 

Human DCs are characterized by a pattern of surface markers and have tiic pheno^ CDla+, 
CD3'^,CD4°^.CD8'^CmO°*,CD4(H-CD86+intiiehun^ The murine phaiotype is and 
CD3"* CD4'^, CD28"*, CDS- B22o"^, CD40+, CD80+ and CD36+. 

Maturation of DCs is required for the initiation of an immune response. Microbial products 
including whole bacteria and tiie bacterial cell-wall component LPS and inflammatory mediators 
such as IL-1, GM-CSF and TNF, stimulate DC maturation, whereas ILIO blocks it. Ceramide, 
which is induced by maturation signals, shuts down antigen iQrtake by flieTC^ MatureDCs 
express high levels of tiie NFkB femily of transcriptional control proteins (Rel A^S, RelB, RdC, 
p50 p52) which regulate the ©qjression of many gene encoding immune and inflammatory 
proteins. Signalling through flie TNF-recq>tor family, for example TNF-R (CD-120a/b), CD40, 
and TEO\NCE/RANK, results in activation of NFkB. Therefore, to induce an immune response 
through activation of DCs, a patiiogen or antigen may have to mobilize tiie signal transduction 
patiiways of the TNF-R family and TNF-R-associated factors (TRAFs). 

One explanation for the failure of the immune system to eradicate most immunogenic tumors is 
tiie lack of tumor antigen presentation by DCs in vivo. Several strategies using tumor antigen- 
charged DCs as vaccines for cancer inimunotiierapy have been developed Immunization wifli 
DCs pulsed witii purified tumor-associated peptides or proteins has been shown to be a powerful 
m^hod of priming tumor-reactive T cells and inducing host protective and tiierapeutic antitumor 
immunity in mice and man. However, such a clinical approach is currentiy limited due to tiie 
paucity of identified human tumor rejection antigens. The polymorphisin of flie HLA system has 
also made it difficult to identify tumor^associated peptides as cancer vaccines. Inhuman 
melanoma, a dass of tumor-assodated proteins has been identified. However, it is undear which 
antigen is flie best ctoice for effective tumor rejection in vivo or how ^ective any such antigen 
m^ be. Thus, immunization wifli (tefined tumor antigens is currentiy limited to a small number 
of cancers in which candidate antigens have been identified Anichini ei aL, J. Immunol. 156:208- 
217 (1996), showed fliat flie majority of CTL present in HLA-A2.1+ melanoma patients were not 
directed to flie known tumor antig^ Melan-A/Mart-1, ^sinase, gplOO or MAGE-3. Therefore, 
immunization wifli oflio", yet unidentified, antigens would be more effective in elidting tumor 
immunity in fliese patients. Johnston et at., J. Exp. Med 183:791-800 (1996) demonstrated fliat 
flie enhanced immunogenidty of tumor ceUs engineered to express flie J5 7-7 gene was a result of 
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expansion of the antigenic lepeitoiie of the tiunor. This unphes that vacanation with nniltipte 
Sr antigpns may ^superior to use of a single dominant epitope. Indeed m situauons wh«B a 
tumor-ass^iated antigen remains unidentified, a novel approach is needed for presentation of that 
antigen by a professional APC. 

An alternative approach, not encumbered by these limitations, is to use unfiactionated tumor 
peptides or tumor proteins as a source of tumor antigens. Two studies have diown that 
administration to mice of APC (ftom the spleen) or epidermal Langerhans cells pulsed with tomor 
fragments resulted in protective immunity against tumor challenge. Zitvogel e/fl/.. J. Med. 
183-87-97 (1996) showedthat vaccination of mice with bone marrow-derived DC pulsed wiui 
unfiactionatedtumorpeptidesrBducedthegrowthofsubcutaneoustyeslaMished,vreakty 
immunogenic tumors. Thus, immunization with multiple tumor antigens may be superior to use of 
a single dominant q>itope. 

One approach to overcome the possible drawbacks of unfractionated tumor antigens is to use 
mRNA from tumor ceUs as a "source" of antigen. mRNA can be amplified fiom a very small 
number of cells, permitting the generation of sufficient amounts of antigen from minute amounts 
of tumor tissue Moreover, tumor-specific mRNA can be enriched by subtractive hybridizauon to 
remove RNA that is common to normal tissue. This increases the levels of the relevant tumor- 
soecific antigen(s) that can be achieved, and hence, the potency of the vaccine. More mportantly, 
tSs awHoach reduces the concentration of nonqwdfic antigens or, possil^, self-antigens, therdiy 
lessening Uie potential for autoimmunity. Pulsing DCs witii RNA is known to be effective m 
enqxwering them to induce CTL responses and mmor immunity. 

The fusion of tumor cells with DCs is another approach to generate a hybrid vaccine that has botii 
potent antigen processing/presenting power along with the endogenous expression of multiple 
tonor antigens. Such a hybrid ceD would be more effective in inducing antimmor immunity. 
Gong et al. Prvc. Natl Acad. Sci USA 2tf:6279-6283 (1998), demonstrated that fiision of a 
relatively immunogenic mouse tumor, MC38 carcinoma, with syngeneic DCs resulted in a vaccine 
fliat induced (1) T cell protective immunity against tumor chaUenge and (2) rejection of an 
estabUshed tumor. Wang et al., J. Immunol. ;<y/:5516-5524 (1998) used the poorly imnmnogemc 
B16 (B16 FIO) mdanoma which does not ejqwess MHC and costimulatoiy molecules. 
Immunization with irradiated B16 tumor cells failed to induce systemic immumty or elicit 
fimctional tumor-reactive T cells. RMA-S is a RauscherMuLV-inducedT cell lymphoma 
originating in a C57BL/6 CB6") mouse that is genetically defective in TAP, and thus, does not 
pnwess endogenous antigens for binding to MHC. Fusion of DCs with syngeneic tomor cells 
generated hybrid cells that expressed both DC-associated accessory molecules important for 
antigen presentation and tumor-derived antigens. The DC/tcltybrids were processed and 
presented tumor-assodated antigens and eUdted tumor-reactive CTLs. Vaccination of B6 mice 
witii B16/DC Iqtod cells induced partial protective immunity against tumor challenge. 

Immunization witii B16/DC or RMA-S/DC hybrid ceU vacdnes primed lymph node (LN) T ceUs, 
wMdi, after expansion er vrvo, were active in aAqjtive immunoflien^. The transfer of such 

vaccine-primed, expanded T cells into tumor-*earing mice reduced the number of estabhshed B16 
pulmonary metastases and, in flie case of RMA-S©C, efifectively eradicated disseminated FBL-S 
tumor. 

The present invention includes a hybrid cell made from fiision of a tumor ccU and a DC cell 
fiirther transfomwd or transfected with a S Ag. Nucleic adds encoding S Ags may be introduced 
into dther the tumor cells or the DCs prior to fusion as in Example 1, 2, 3, 25, 26. This fcsed cells 
are preparedas in Exanq)le 24, 25 and flidrphenotype established by the retention ofDC 

characteristics, tumor oeO antigens and the expression of SAg (Example 25). By virtue of Oiese 
multiple ffcatures, Uiis S Ag-exprcssing DC/te has tiie unique capadty activate maximaUy an anti- 
tumor immune response. 
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SAg stinmlation is Imown to activate CD4+ and CD8+ T cells to 

soKiScaOybatbrn vitro andin vivo. The DC componeM of the IqrbridceU provides optiiM^ 

antiffin presentation due to its enomoas suifeoe area together 
SSS^Sules B7. 1. B7 A adhesion nK,Iecules ICAM-1 and ICAM-3 MHC class 1 and 
class n and CDl receptors. B7. 1 . in particular, piovides a basis for expanding tiie epiU^ 
recojmition spectrum ftom dominant to subdominant epitopes. The expressed SAg confiws upon 
the £brid odlan augmented capacity to activate various classes of cells tt^mediate Jo* «?nate 
and "acquired" or adaptive immunity, including CD4+ and 0)8+ T ceUs. NK cells andl-OCT. The 
SAg also contributes to generation of TH-1 cytoHnesby this class of T helper ceUs which 
conttibutes to an optimal anti-wmor response. The DC /tc hybrid that expnsses and/or secxetes 
SAg is abbievialed herein as an "S/D/t" cell and combines the potent activating properties of SAg 
with the specialized (tumor) antigen presenting c^i^ of the DC and the tumor antigens 

provided endogenously by the tumor ceU partner. This S/D/t ceU thns consolidates m a single ceU 
the capacity to unleash and amplify the full weight of the host immune response specifically 
against a sdected array of tumor associated antigois. 

The prescm invention also includes the additional introduction, into the S/DAceU of with 

additional nucleic adds. In one embodiment, the additional nucleic aad encodes the paticular 
galactosyltransferase enzyme that catalyze the synthesis of the "hcterografleptf(^ Gal. in 
another embodiment, tl«aMtional nucleic add encodes enzymes that synthesize 
galactosiylceramide which is the "natoral" epitope recognized by the invariant chamofNKT 
cells. 

To summarize the foregoing section, the present invention indudes DCs, other accessory cells or 
IwteidDatc each transformed to eq?ressSAgs as described in Examples 1 and 3. The 
transformed (or tiansfecfed) hybrid cell, the S/DA cdl, expresses (1) the major acoMSoiy 
molecules of DCs cells (sudi as CD40, CD80 and CD86, MHC class 1 andH and CDl); (2) tumor 
associated epitopes provided by the tumor cell fusion partner, and (3) SAg either membrane 
boun4 secreted or both wMch activates T cdls, NK celk and NKT cells to produce a specific or 

selective tumcKiddal refuse. 

WhUe the tumor SfD/t ceUs are pieferred, S Ag-transfected DCs or other accessffly cdls are also 
effective in indudng antitumor re^pooses. These are used as a jseventative or therapcuuc 
antitumor vaccine, or ex vivo to stimulate a populaUon of T cdls, NK cells or NKT cells for 
adqnive theisqiy rfcancer (Exanqiles 29). 

A? ly-tRx presnng SAe and Tumor Associ ^*'^ Ari^ppnyi-Prndiietion bv Processing of Apoptotic 

Tumor CePs or Tnmor Cell Lvsates „, ■ ^ , 

DC:s e)q>ressing SAg and tumor associated antigens arc iHcpared without cdl fiia 
/^xqjtotic, SAg transfeded tumor ceUs are iKqared by first tiansfecting tumor cells wi^ 
(Examine 1) and then inducing apoptosis by irradiation or other methods weU known m the art 
(Exan5rfe28). DCs express aVhS-Wndinginlegrins and secrete thrombo^ndin which hgates 

vitronectin expressed on the suiiace of the apapUAsc tumor cdL DC surfeoe CD36 binds to its 
natural Ugand, sequestrin, ah» expressed on ^otic tumor cells. The apoptotic SAg-exitt^ing 

tumor cdls are phagocytosed and processed by DCs under conditions described m Exanqfle 28. 

In another embodiment, fysates of tumor cdls optionally expressing SAg are also used as above. 
TumorcdlsarcfirsttransformedtoexprcssSAgandthenlysed(Example28. These lyssttes are 
"fed" tq) DCs as in Example 28. DCs treated in this way can now present tumor associated 
antigens along with SAg to the immune system. Alternatively. DCs are first transformed to 
cajTCSS SAg, and these cdls are aUowed to phagocytose or process qjqptotic tumor cdls or 
lysates- Optionally the tumor cells may have been iKcviously geneticalty modified with nucleic 
adds so that they synthesize bl,3-glucan. LPS, peptidogfycan or Gal Oa:. 
The iBsulting SAg-expiessing DC. after phagocytosing apoptotic tumor cells or lysates, expresses 
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MHC class II,costimiilatoiymoleailesCI> 40,^ together with SAg and tumor 

associated antigen. The additional expression of SAg in this system permits more potent 
activation of T cells, NKT cells and NK cells which recognize the tumor associated antigens 
expressed on the DC surface in the context of MHC and costimulatory molecules. 

In another embodiment, tumor cells are fiised to mammalian cells including but not limited to 
proximal tubular epithelial cells, other kidney cells induding the Madin-Daiby canine kidney 
(MDCK) cell line which express an abundance of alpha anomeric digalactosylceramides which are 
natural supeiantigen receptors. In an additional embodiment, tumor cells are fused to cells 
including tat not limited to amphibian intestinal cells which express a higji level of 
phytosphingosine (see Example 25 for cell fusion methodology). The resulting hyteid cells 
express tumor associated antigens and either galactosylceramides or phyto^hingosine. 
Alternatively, exogenous galactosyloeramide or phytc^hingosine from the cell membranes of the 
above kidney or amphibian cells are incoiporated into intact tumor cells by methods given in 
Section 38 and Example 5. These Iq^rid tumor cells or tumor cells with newly acquired 
membrane glyco- or phytolipids (TCGP) are further transfected with superantigen nucleic adds to 
produce hybrid tumor cells or TCGP expressing superantigens, tumor associated antigens, 
galactosylceramides and/or phytosphingosine (Example 1). These hybrid tumor cells or TCGP are 
potent activators of T cell NK cell and NKT cells 

The DCs. hybrid tumor cells, or TCGP given above are used in a iweventative or therapeutic 
antitumor vaccine (Example 29) or ex vivo to activate T cells, NKT cells or NK cells for the 
adoptive immunotherapy (Example 29). 

43. DCS Expressing or Secreting SAg rntransfiacte d with a Tum or Associated Antigen or "Striag 
of Beads'* T mnnr Anti^ns 

When a dominant tumor associated antigen (protein) is known, micldc add encoding such an 
antigen are used to transform DCs which already express or secrete SAg (Example 35). Antigens 
identified by "SELEX" technology which consists of nucldc adds encoding tumor anti^ns firom 
distinct structural and functional categories of human tumor associated antigiens, induding 
mutants, differentiation variants, splice variants, amplified/overexpressed antigens or retroviral 
antigens may be used. Nucldc adds encoding tumor antigens used to transfect SAg-cxpressing 
DCs or DC/tc hybrids. This invention contemplates transfecting with individual nucleic ^ds 
encoding a single antigen, or multiples as in a ** string of beads" carried by adenoviral or other 
vectors known in the art Example 35). Nudeic acids encoding a "string of beads" or tumor 
associated ami gens identified by SERAX may be fused in fiame (ot cotransfected with) S Ag- 
encoding nucleic add into DCs or DC/tc. These SAg- and tumor anti^- expressing DCs or 
DC/tc hybrids are used as a preventative or therapeutic antitumor vaccines (Example 29) or as 
stimulators ex vivo of T cells, NKT cells or NK cells for adoptive immunotherapy (Example 29). 

Furthermore, nucldc adds encoding ptrtdns listed in Tables I, H IV and V, for example. 
angi<»tatin, protein A, eriyNoi and HSPs, staphylococcal collagen adhesin, are introduced into 
> andC3?>ressedintmm>T cdteoTDCsthalexprcs5WsecrcieSAg,OT 
that coe)q»essing the proteins and peptides of Tables I, n, rv and V together 
as preventative or ther^)^tic antitumor vaccines (Example 29) or as stimulators ex vivo that 
activate T cdls, NKT cells or NK cells for adoptive imunumother^ (Example 29). 

Naked DN A or RNA Obtained from the Various Cell s Described Above That Express and/or 
Secrete SAg 

DNA containing the CpGbaddx)ne is extracted from tumor cells or DCs that express/secrete 
SAgs or S/D/t cells (Example 30-34). The preferred source of DNA or RNA is the S/D/t cells 
DCs or tumor cdls e?q)ressmg SAg are also useful Alternatively, the DNA or RNA can be 
detained from DCs, tumor cells or DC/tc into which SAgs were introduced by the cdls having 
phagocytosed SAg-tiansformed apoplotic tumor cells or tumor cell lysates. 
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The extracted DN A or RN A is used as a naked DN A or RNA preventative or therapeutic vaccine 
(Exanqjles 30-34). Alternatively, this nucleic add material may be used ex vivo to activate T cell, 
NKT cells or NK cells adoptive immunother^ (Example 1,31, 33). This extracted DNA or 
RNA may be used in an initial step of inducing immune reactivity in r^onal lymph nodes of 
tumor bearing subjects. After this "priming," T cells, NKT cells and/or NK cells are harvested 
from these lymph nodes, expancted in culture in the presence of additional SAg, SAg-expressing 
DC or tumor ceUs, or S/D/t cells to generate a T cell, NKT cell or NK cell population for adoptive 
inununotherapy (Examples 29). 

DNA or RNA for immunization may also be obtained from the various cells described above that 
express SAg, and which additionally express or several Staphylococcal adhesins, b-gjuc^ LPS, 
peptidoglycans, teichoic adds, mannose, maruian, protein A and/or their respective binding 
proteins. 

Also useful for naked nudeic add immunization are bacterial or irisea nuddc adds (wit^ 
motifs) which encode enzymes that catalyze the biosynthesis of b-l,3-glucans, LPS, 
peptidogtycan, -Gal, GalCer, teichoic adds, mannan or mannose. Also useful are bacterial or 
insect nucleic adds that encode the binding proteins for the above carbohydrate-based molecules, 
glycoprotdn lectins that bind the carbohydrate ^nictures, or protein A Such nucleic adds are 
used to co-immuruze along with SAg expressing DCs or tumor cells or S/D/t cells. Such 
conibined vacdne preparations are used as a preventative or therapeutic antitumor vaccines 
(Exar^ples 29, 30). Alternatively, they may be used to initiate adoptive T cell therapy by iwiming 
r^onal lyn^h nodes T cells which are harvested, ejqpanded in vitro by stinmlation with S/D/t 
cells, accompanied by, or followed with IL-2. The tumor antigen-sensitized T cells are reinfused 
into subjects as described in Example 29. 

45. Exosomes Derived from rn SAe-Exoressing Tumor Ce lls (2\ SAg Exmessing-DCs (3) S/D/t 
ceUs or (4) DC/tc Hybrid Cells 

MHC-pqjtide complexes accumulate in endosomes and lysosomes, which compartments oorrtain 
MHC dass Il-enriched internal vesicles that are released outside the ceU following direct fusion of 
the external endosomal membrane with the plasma membrane. These vesicles, termed 
"exosomes" are capable of stimulating CD4+ T cell clones in vitro. In addition, tumor pei^de- 
pulsed DC-derived exosomes prime specific CILs in vivo leading to a T cell-dqpendent 
eradication or suppressed growth of established murine tuiiK>rs. In the present invention, the 
exosomes which have S Ags in addition to tumor assodated antigens and MHC class I and class 11 
molecules are prepared. Such preparations are significantly more potent in their ability to induce 
shrinkage of ^tablished tumors and picvent tumor outgrowth. 

Exosomes are prepared from (1) tumor cells or DCs whidi have been transfected with S Ags (2) 
S/DA cells, (3) DCs or hybrid DC /tc which have phagocytosed SAg-expressing apoptotic tumor 
cells or tumor cell lysates (Example 36). Intheaboveh3^ds,dthertheDCortumorcdlmaybe 
transfected with S Ag-encoding nuddc acid prior to fusion. The resulting exosomes e?9>ress MHC 
class I and class II molecules, SAgs and tumor associated antigen. In order to ensure the routing 
of the transforming SAg to exosomes, the SAg-encoding nuddc add should include a sorting 
signal to localize the SAg to the exosome. These cells may be pulsed with tumor associated 
antigens shortly before isolation of thdr exosomes. The isolated exosomes are used as 
preventative or therapeutic antitumor vaccines (Example 36) or as stimulators ex vivo that activate 
T cdls, NKT cdls or NK cells for adoptive immunotherapy (Example 36). These various 
exosome preparations are extremely effective inducers of anti-tumor responses. 

46. Cell sarfstoe Display of Reoombflnant SAg and Tumor Assodated Antigens in Bacteria 
Heterologous proteins and various carbohydrate-containing moieties, displayed on the sur&ce of 
bacterial cells often act as m^or antigenic systems that stimulate anti-tumor irrmiunity. Such 
antigens include GalCer, aGal, bl,3-glucans, LPS, peptidoglycans, tdchoic adds and mannan. 
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These structures will be referred to below collectively as "anti-tumor motife. " These structures are 
createdby the action of enzymes encoded by a nmlir of bacterial and For 
example, Sphingomonas paucimobilis expresses GalCer, or Klebsiella aerobacter expresses -Cial 
andLPS^ and C/yp/ococcw5 expresses bl,3-glucan. Because not all the gpnes responsible for the 
biosynthesis of these molecules have not been identified, it is difficult to isolate them and 
introduce them into mammalian cells. These structures are, however, taosynthesized in abundance 
bybacteria. Irmnunization with tive lecotnbiriant bacteria indiK^es both local and syst^c 
immune le^nses suggesting that gram-positive bacteria might constitute potential live bacterial 
vaccine delivery systems. The surface molecules of gram-positive bacteria seem to be more 
permissive for the insertion of extended sequences of foreign proteins than are gram-negative 
bacteria, in which both translocation through the cytoplasmic membrane and correct integration 
into the outer membrane are required for proper surface exposure. 

In the present invention, different bacterial surface display systems are used to express natural 
anti-tumor moti& for developing live bacterial vaccine vehicles. S Ags are provided to bacteria 
which do not naturally Uosynthesize them so that they are expressed together with natural anti- 
tumor motifs made in the bacteria These bacteria are then used as preventive or ther^)eutic 
antitumor vaccines (Exanqde 28). 

Sphingomonas paucimobilis bacteria eximss GalCer which can activate the V14 invariant chain 
e?qxressed by NKT cells. These cells recognizes the galactosylceramick epitope. NK cells, using 
their NKPl-1 receptors, recognize carbohydrate units such as lb,3-glucans expressed widely on 
fimgL NK cells are activated directly by SAgs. Further iroliferation is induced by interferon 
produced by T cells in response to tbeSAg. Humans have natural antibodies spedfic for the aGal 
epitope. This epitqpe is constitutively expressed on several bacteria including Klebsiella 
aerobacter and £1 colL 

Coexpression of S Ag with the above anti-tumor motifs in recombinant bacteria or fungi provides 
potent signals to activate NKT cells, T cells and NK cells and to induce production of T^ 
cytokines. The adhesion molecule VCAM-1 expressed by some SAgs aich as enterotoxin C 
contributes to the process by costimnlation. Therefore, the SAg expressing bacteria (whether 
natural or transformed) are capable of activating all of the major cdl types involved in the anti- 
tumor response. 

In the present approach, the preferred SAg is SEB. SEE is introduced for sur&ce display into 51 
camosus. E. coii-staphyhcoccus shuttle vectors are constructed by taking advantage of ( 1) the 
promoter signal sequence and propeptide region from the lipase gene construct derived from S, 
hyicus and (2) tiie cell surface attachment part of staphylococcal protein A. A 198-ainino-acid 
region, dftffgt|fit<xf ABP (albumin landing protein), is expr^sed aigacem to the cell wall to 
increase accessibility to the sui&ce-displayed target peptides. Staphylococcal enterotoxin B is 
introduced b^ween the Upase prc^)eptide ard the ABP region and the surface exp 
di£ferent regions are tested separately with different assays. 

These recombinant bacteria are useful as a preventative or therapeutic antitumor vaccine (Example 
2 8) or as stimulators ex vrvo that activate T cells, NKT cells or NK cells for adoptive 
imimmothersqy (Exanq)Ie 28). 

47. Introduction of Staphylococcal Collar Binding Adhesins into DCs. Tumor Cells or S/D/t 

Nucleic acids encoding SAgs are transfected into these various cells, as described above, together 
with nucleic acids encoding Staphylococcal collagen adhesia Mice immun ized with a 
recombinant fragment of the colleen adhesin were protected against Staphylococcus aureus- 
mediated septic death. Sera firom & m/reu^-irniinmized mice promoted phagocytic uptake 
(opsonized) and enhanced intracellular killing of the bacteria compared to sera from control mice. 
The collagen binding adhesin is isolated firom S, aureus strain Cowait Sequencing of the cloned 
corresponding gene cna revealeda 133-kDa polypeptide (close to that of 133 k[>a reported for the 
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native protein). This protein is proposed to consist of a signal sequence (S) followed by a large 
nonrep^tive region (A), Inunediately following the A region are three consecutive repeats of a 
167 amino acid long unit (Bl, B2, B3). A ceU wall (W) region consisting of 64 amino acid 
proline-and lysine-rich domain is followed by stretch of hydrophobic amino adds (M), 
presumably constituting the ceO membrane spanning region. Finally, the C-terminus (C) is ma<te 
up of a few positively charged amino acids. This model structure is used as the starting point to 
identify the coUagpn binding domaia The ligand binding site is localized within the 1354£Da 5 
aureuscoWagen adhesin. The collagen binding domain is localized to a 168 amino add long 
segment [CBD (151-318)] within the N-terminal portion of the adhesin. 

Using biospecific interaction analysis, bovine collagen was found to contain eight binding sites for 
CBD (151-318), two of which were high affinity and six low affinity. The deduced amino acid 
sequence oftheligand binding (tomainofthe collage adhesin is presented Subsequently a 
discrete collagen-binding domain within the collagen adhesin was identified and localized to a 
region between amino adds Asp209 and Tyr233. The FDA strain 574 of 5. aureus encodes a 
1 1 85 amino add collagen adhesin. The complete nucleotide sequence of the cwa gene as well as a 
schematic model of the collagen adhesin have been published. The overall structure resembles 
that of other gram positive suriace structures. The lysine and proline rich l^^drophilic region 
which follows the repeated domains resembles a structure in protdn A, st^hylococcal fibronectin 
receptor and streptococcal protein G and M proteins Also present is the hexapqstide LPKTGM 
which is similar to the consensus sequence LPXTGE which is conserved among other gram 
positive sur&ce proteins. The hydK^hitic region is thought to mediate the binding of the protein 
to the cell wall. The presence of hydrophoWc amino adds which may traverse the membrane 
followed by a C-terminal duster of positively charged residues, possibly located on the 
cytoplasmic side of the membrane, is characteristic of staphylococcal cell sur£ioe proteins. 

In the collagen adhesin, a 29 amino add signal peptide at the N-terminus is followed by a large 
nonrcpetitive A domain, and the highly homologous domains Bl, B2 and B3 (probably a result of 
a series ofstepwise gene duplication events). Collagen binding recqrtors have been found on 
other spedes of bacteria such as the 75X adhesin of uropathogenic E. coli, T^pe 3 fimbrias from 
pathogenic enteric bacteria, some spedes of oral strcptCKX)cd, Streptococcus pyogenes. Yersinia 
and Treponema pallidium have all been rqx)rted to bind various forms of collagen. Tlius the 
collagen binding appears to be a common modality used by pathogenic bacteria of a diverse group 
to adhere selectively to host tissues and form a focus of infectioa 

Nuddc adds encoding staphylococcus collagen adhesin are introduced into S Ag-e?q>ressing 
tumor cells or DCs, orS/DAcdls. The cells co-expressing the stapl^loooccal collagen adhesin 
with SAgsare usefbl as a preventative or therap^tic antitumor vacdnes (Example 28) or as 
stimulators ex vivo that activate T cdls, NKT cdls or NK cells for adoptive immunotherapy 
(Example 28). 

48. Co-exDrcssi<m of Anti-Tumor Motifs or their Binding Proteins with SAg 

Tumor cells or DCs expressing SAgs, or S/D/t cells, are transformed with nucleic adds encoding 

ei£zymestlmt catalyze the biosynthesis of ariti-tutnornfiotifs, including the aCSal epitope, 

the CialCer epitope, b-l,3-glucans, LPS, peptidoglycan, teichdc adds or a protdn or peptide such 

as StaiAyloooccal adhesins, protein A, and/or the binding protdns for the aibove motife or 

proteins. Transformation may be achieve using bacterial plasnuds or micldc adds integrated into 

an appropri ate viral vector. These antigenic structures are fuiidarnental uiuts recognized in the 

primitive host defense mechanisms ("innate immunity") of invertebrates, but also evoke responses 

in nmttimglian immune systems via the TOLL and NFkB systems. 

DN A encoding the galactosyltransferase that synthesizes the saccharide structure containing the 
aGal epitope, and gene clusters encoding the biosynthetic pathway for LPS are Ascribed in 
Schnaitman CA, et a/., Microbiol. Rev. 57: 655-682 (1993). DNA is extracted from bacteria 
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wWchbiosynthesize these molecules aiul used to tr^ For 
creation of the GalCer structure, the source of DNA is Sphingomonas paudmobilis organisms. 
Nucleic adds enooding tte pathways for biosynthesis of l>-1.3-glncans, peptidoglycans, and 
protein A have been cloned fitom insects and Staphylococcus aureus, respectively. These nucleic 
adds are cloned into suitable expression vectors and introduced into the target ce^ Resulting 
S/D/t cells thus express S Ag as well as the anti-tumor motif structure. 

S/D/t ceUs that co-express Gal can interaa with and stimulate NKT ceUs 
invariant chain which naturally recognizes the -galactosylceramide epitope. NK cells, via their 
NKPl-1 receptors, will recognize carbohydrate units such as b-l,3-glucans on the S/DA cells. The 
co-expressed SAg induces further l«Tcdl expansion The SAg is also capable of inducing 
massive proliferation of oonvCTtional T cells which can be further promoted by the co-expression 
of B7-1, B7-2 and ICAM-1 which are normally expressed on DCs. VCAM-1, expressed by some 
SAgs such as enteiotoxin C, also is capable of contributing to this stimulation As indicated 
above, NK cdls are activated directly or indirectly by T-cdl derived interferon. 

The SW>/1 cells (as weU as tumor cells or IX^s expressing SAg) that also exi^ 
the anti-tumor motifs are enable of activating aU of the major cell types involved in anti-tumor 
immunity: T cells specific for peptides, NKT cells reactive with lipoiTOteins and 
glyoosylccramides and NK cells that recognize &r oligosaccharides. These cells are useful as 
ineventative or therapeutic antitumor vaccines (Exanqdes 29) or as stimulators ex vivo that 
activate T cells, NKT cells or NK ceUs for adoptive immunotherapy (Example 29). 

49. Sags Combined with Low Density Lipoproteins (L DU. Oxidized LDL f oxv LDU Oxidized 
LDL Mimics and Aix)lipoDrotdns 

In the present invention, low density lipoproteins (collectivdy LDL) intermediate density LDL 
(IDL), chylomicrons, very low density Upoprotdns (VLDL), oxidized U)L (o>^LDL), ojqrLDL 
nurmcs as well as and apolipoiaDteins including but not limited to apolrpoprotein (a), BlOO and 
E4 are conjugated to superanligiens and are useful as anti-cancer agents alone. 

LDLs, oxyLDLs and ^lipoproteins are physically tra^^d or bind to receptors expressed in the 
dense network of randomly branching bloodvessels and sinusoids of the tumor rieovasculature 
and have the capadty to deposit or bind to LDL receptors on the tumor endothelium and to 
scavenger reccpors on macrophages OxyLDL or apolipoprotdns bound to tumor cndothdum or 
macrq>hages they induce apoptosis or they promote inflammation by activatii^ vascular cells and 
macrophages to generate cytokines, chemoattractants and tissue &ctor. 

Siqsetantigens in nucleic add or polypeptide form are conjugated to the lipoproteins and amplify 
the inflammatory effect cf the lipoproteins by indudr^g ^xjptosis of endothelial cdl s, upregulating 
endothelial cdl integrins, adhesins and procoagulant activity whicle activating macroi^gss and 
immunocytes. Any tumor which is neovascularized is eligible for this therapy. These conjugates 
therefore have the advarztages of localizing to dissemiiiatedaiidriecnrascul^^ inducing 
apoptosis and initiating a powerful anti-tumor response. 

Lipoproteins 

Lipoproteins are globular partides of high molecular wdght that transport norqiolar upids 
(primarily triglycerides and cholesterol ester^ through the plasma. Lipoproteins have been 
classified on the basis of thdr densities into five major classes: d^lomicrons, voy low density 
lipoproteins (VLDL), intermediate-density lipoprotdns (IDL), low-density lipoproteins (LDL), 
and higbniensity lipoproteins (HDL). The phyacal-diemical characteristics of the major 
lipoprotein dasses are presented in Table The core of the spherical lipoprotein partidc is 
conqwsed of two norq)olar lipids ItydroiAobic lipids, triglyceride and cholesseryl ester, which are 
present in different lipoprotdns in varying amounts. Thk hydrophobic core accoimls for mMt of 
the mass of the particle, and consists of triglycerides and cholesterol esters in varying proportions. 
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Surrounding the cote is a polar surface coat of phospholipids that stabilize the lipoprotein particle 
so that it can remain in solution in the plasma. Variable amounts of unesterified cholesterol are 
interdigitated with the phospholipids of the sux&oe coat In addition to phospholipid, the polar 
coat contains smaU amounts of unesterified cholesterol. Each lipofmtein particle also contains 
specific proteins (tenned apoproteins) that are exposed at the surfiu:^ 
apoproteins bind specific enzymes or receptors on tumor nucrovascular ce^^ 

Chylomicrons 

Giylomicrons are large lipoprotein particles formed within intestinal epithelial cells fiom dietary 
triglycerides and cholesterol which are secreted into the intestinal lymph and pass into the general 
circulation where they adhere to LDL recqitors on the tumor microcapillaries. Chylomicron 
remnants are removed by both LDL receptors and LDL- receptor related protein/alpha2- 
mactogtobulin receptor (LRP), While bound to these endothelial surfaces, the chylomicrons are 
exposed to the enzyme lipoprotdn lipase. The chylomicrons contain an apoprotein, apoprotein 
Cn, that activates the lipase, liberating fi?ee &tty acids and monogtycerides. 

Veiv Low Density Lipoprotein ( VLDL) 

Veiy low density lipoprotein (VLDL)are triglyceride rich particles which are secreted from the 
liver into the bloodstream after conversion of carbohydrate to glycerol-esterified fiitty acids to 
form triglycerides. VLDL particles are relatively large, carry 5 to 10 times more triglycerides than 
cholesteiyl e^ets, and contain a form of apoprotein B, d^gnated B 100, that di^rs from the 
apoprotein B48 (^chylomicrons. The VLDL particles are transported to LDL receptors on tumor 
microc^llaries, where they interact with the same lipoprotein lipase enzyme that catabolizes 
chylomicrons. VLDL also binds to the VLDL receptor via apoHpoprotein E and lipoprotein 
lipase. Both ^lipoprotein E and lipcqxrotein lipase are constituents of chylomicron remnants 
which are a physiological ligand for the VLDL receptor. 

Plasma apolipoproteins 

Plasma apolipoproteins have a central role in plasma lipid transport. Central to the functions of all 
^lipoproteins (apo) is specialized regions termed amphiphathic hdioes which have the ability to 
bind phospholipids. The anq>hiphatic helices in apoA-I, apoA-11, and apoC-IU oonqsrise multiple 
r^)eat$Qf22 amino adds or 22*mer periodicity each consisting of a tandem array of two 11-mers 
which tend to begin or end with a proline. The characteristic spatial arrangement of the 
hydrophobic and hydrophilic amino acids within the anq>hipathic helices is that the hydrophobic 
^:e is intercalated between the &tty acyl chains of phospholipids and the hydn^lic &ce is 
located dose to the polar head groups of i^ospholipids. Such an orientation allows the interaction 
of protein domains with lipoprotein-modifying enzymes and cellular receptors that control the 
catabolism of lipoproteins (Lp) and their removal from the circulation. The major apolipoproteins 
useful in the present stq^erantigen-^polipoprotein conjugates are as follows : 

ApoHpoprotein (a) 

Apolipoprotein (a) djp (a)) is made by hepatocytes and is secreted into (dasma where it forms a 
covalent linkage fay a sii^e interchain disulfide bond to a unique multikringje gJycoprcHein, with 
apo B 100 of LDL to form lipoprotein(a). called aploliprotein(a). Protein apo (a) has stnictural 
similarities to plasminogen and consists of multiple bent repeats of amino add sequences. 
Apolipc^xrotein (a) exists in polymorphs distinguished by molecular wdglits. The molecular basis 
for the size variation of apo(a] is primarily due to multiple apofa] alleles that differ m the number 
of kringle type 2 plasminogen kringle type 4) repeats. Minor variability in apo(a) size might be 
due to differences in glycosylation, as carbohydrates make up 25-40% of the apo (a) weight 

A dose structural similarity exists between apo(a) and plasminog^ a protease zymogen whose 
active form cleaves fibrin to dissolve blood clots, is activated by tissue and urokinase i^asminogen 
activators via cleavage at a spedfic arginine residue. Indeed, in-vitro and ex-vivo studies have 
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shown that apo(a) Wnds to immobilized fibrin (fibrinogen), to the plasminogen receptor on 
endothelial cells and competes with tissue plasminogen activator in converting plasminogen to 
plasmin. Lipoprotein(a) also competes with plasminogen for its Mgh-afifinity binding sites in 
endothelium, platelets, and macrophages. Because of structural homology with plasminogen 
apo(a)I competively inhibits fibrin-dqjendent activation of plasminogen to plasmin and plasmin- 
mediated activation of cytokine transforming growth fector-b. Hence, Lp(a) is capable of 
interfering with the fibrinolytic process by acting as a procoagulant The colocalization of apo(a) 
with fibrin (fibrinogen) in the arterial wall further suggests that Lp(a) is thrombogenic. 

Lp(a) is a poor ligand for the LDL receptor and is consequently taken up and degraded by 
unregulated mechanisms, leading to tissue aocumulatioa Lp(a) is tar^ted to uptake by 
macrophages, piesumably through the scavenger-receptor pathway. Owing to the tower B- 
carotene content, Lp(a) may be more easily oxidized than LDL. Oxidized Lp(a) such as Lp(a) 
modified by malondialdehyde, a product generated in vivo from aggregated platelets, is-avidly 
taken up by monocyte-macrophages. through the scavenger-receptor pathway. Lp(a) 
accumulates in either the arterial wall and in vein grafts, respective 

also traverse the endothelium of arterial vessels and reach the intima by non-reccptor-mediated 
mechanisms and that this transport process is influenced by the density/size of Lrt^^ There,Lp(a) 
can form complexes with such tissue-matrix components as proteo^cans, glycosaminoglycans, 
and collagen as well as fibrin. The magnitude of the transfer of Lp(a) from the plasma 
compartment to the arterial wall is lai;^ when plasma Lp(a) levels are elevated because of a 
gradient effect or because of a possible direct action of Lp(a) on arterial permeatnlity. 

Apolipoprotein B 

Apolipoprotein B occurs in two forms termed apoB-100 and apoB-48. In humans apoB-4S is 
produced only by the inte^e and apolipo[KOtein B-lOO originates firom the liver. Apolipoprotein 
B-lOO, which contains 4536 amino acid residues, is the major apolipq;>rotein of VLDL, IDL, Lp(a> 
and is the sole ^lipoprotein of LDL. ApoB-48 consists of the amino-terminal half of apoB-100, 
contains 2152 amino arid residues and is devoid of binding domain for the LDL receptor, 

Apolipoprotein E4 

Apolipoprotein (apo) E is a 34-kCa protein coded for by a gene on chromosome 19 and plays a 
Imminent role in the transport and metabolism of plasma cholesterol and triglyceride through its 
ablity to interact with the low density lipoprotein (LDL) receptor and the LDL receptor related 
protein (LRP). Apolipoprotein E (apoE) is a 34-kda protein component of lipoproteins that 
mediates their tHnding to the low density lipoprotein (li)L) receptor and to the LDL receptor- 
related protein (LRP). Apolipoprotein E is a major apolipoprotein in the nervous system, where it 
is thought to redistribute lipoprotein cholesterol among the neurons and their supporting cells and 
to maintain cholesterol homeostasis. Afori from this function, apoE in the peripheral nervous 
system functions in the redistribution of lipds during regeneration. 

Oxidized LDL 

LDL is also rapidly tran^xirted across an intact en<k>thelium and becomes trapped in the three- 
dimensional cage work of fibers and fibrils secrrtedby the artery wall cells. This concentration- 
dependent process does not require receptor-mediated endocytosis. LDL entrapped in arteries or 
bound to receptors on endothelium or the tumor microdrculation undergoes diverse enzymic and 
chemical modifications. It can also be introduced into the cell a variety of lipophilic invaders such 
as lipid peroxidation products and cholesterol oxides that may irreversibly modify cellular 
functions. The early oxidative modification of the trapped LDL in vivo occurs before monocytes 
are recruited and results in the oxidization (tf lipids in LDL with little change in apoB. 

Monocytes lecruited to the leaon, are converted into majcxopha&ss and the LDL lipids are further 
oxidized. Once the LDL contains fatty arid lipid peroxides, there follows (especially in the 
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n,^^ rfmetal ions) arapid propagation that amplifies dramaticany the number of ftee lajrak 
SSds tJ^S fSSn of the fetty xid chains with the generaUon of a bioad 
SiSm o?oSS shSS<:hain aldehydes (e.g.. malondialdehyde and 4-hyd«)3<ynonenal) 
S^rwwSSStS^ent binding'^ of shott-chain substituents to the ammo groups of 
S S2 faXro^ B (and possMy to other portions of the apoprotcm B JMleaJe) 

effected iv chemical acelylation and highly oxidizedLDL. 
lecithin to lysoledlhia 

Modification of LDL with malondialdehyde. a product of arachidonic add metaboUsm or 
JSSrfimSsS^ UnlikeiiativeLDL,oxidizedLDLismitogenicor 

^^aS^si^SS^andsmoom J^SSiSSSt^k 
SSnm^L to express high levels of tissue factor and plasminogen actn^tor mhihtor Leveb 
rfpSSnlre iSd Sttacdlularly and aie released by oxy-LDL which can also duecfly 
i^Ste Sot ^Sn in endotheM cells. Oxidized U)L also induce tite «pressM)n of 
SSTtTiSThe expression of nitric oxide synth^ ^ to ^^^^ 
SSoa Platelet accumulation and local increa«smam,mboxj^ 
^^activating fector. and activated thrombin, together with a local reducUon m prostacydin 
further contribute to a procoagulant state. 

Another stable end product of ceUular oxidative «»<fifi«^o»i* ^^^^s lysophospto^^ 

wE^erated SIpLphoUpase A2 hydrolysis. This Upid «iectn«Iy mjaoes^^^ ej^on 

SSSecuS L mono<^. vascular ceU adhesion mol«^^ ^ 

S Stoed human arterial endothelial cells. TNF-a activation is a prereqmsite *f 

SsSptoSatidylcholine induction of VCAM-1. Lysophosphatijlcholi^ a^ 

Solaris, arrests macrophage migration and induces macrophage proliferation through SR-A- 

^SSSSnSfiSoprotein. Finally. »y-P^^*2^f'^ ^ 

expression for smooth muscle«ibroblast growth ftctors. the A »d B ^h^ns of PDGF. and 

^arin-binding epidermal growth factor-like protein m cultured endothehal ceDs. 

iS^toSects of highly oxidized LDL are mmtcked by higher conoentnrtioiis of 
^^2SSly Tl^droperoxycholesterel. '^hydro^holester^7*et«>chol^and^ 
sS^xScstool. Theseoxysterolscaninduceapoptosisinavancty ofcells. Wthcseend 
pJS^B^5S^»xyK:holes-5^-3B^lhasbeeni 

E^xiSzS LDlLTOs molecule accounts for approximately 90% of the cytotoaa<y of lipds 
SSS«hi^oxidizedLDLi«v//«,. Fattyaddhydrop(^«desandalde^|d«fo^ 

Sz^S^ataSterintraceUularfunctions. F<» ^-'^^^"f'l^^fSl.li,! 
^^ntof oxidizedLDL. inducesbmdingof the coagulation protem. Factor Xa to «idottdial 
S^^SSized iDL and mm4J>L can significamly i„d«» the release of IL- 1 ftom 

macioDhaees Saponified Cu^+-oxidized LDL and nun-LDL have been shown to contain 9- 
ESlS<^^cholesterol-9.HODE. which increase IL-1 release ftom macrophages 4- 
lS?alsi«SaS^of effects on monocytes, including stimulation of monocyte migration 
through indnctiott of chemoattractant proteins and imtiation of apoptosis 

induces elevated levels of camp by a G protein-m^ 
SSS^ilicesinflammaWmoleculesbothlyin^^ 



and by stabilizing the mRNA for these genes. Exposure of Uie artenal wU to (mm-LD^^^ 
S(S<SjSiveproductsoflipid peroxidation results in binding to the mL-R. mm-LDL ako 
2S^^Ttend to !^elial cells, and induces changes which affect monoqrte 
STactivation, and attachment nun-LDL also md»o^ an inflammatoiy phenotype 
rSutothelial cSs and proinflammato^ cytokines accompanied by maease *e le.«ls the 
transcriution fiictor, NF IcB. which has been linked to the expression of a vanety of adh^wn 
in^cular. tysophosphosphatidylcholine. a product of LDL oxidation, has been 
SS^to be a^oamctJnt f^ monocytes and T-lymphocytes^ to induce the aton 
molecules VCAM-1 and ICAM-1. and to increase levds of and hepann^nn^ 
growth factor mRNA in endothelial cells and smooth musde cseUs. Increases in ICAM-1 
eiqnession lead to enhanced monocyte adhesion to the vessel wall. 

Moreover. mm-LDL induces endothelial cells to produce the potent monocyte acti^ators mo"^ 
chemoattractant protein 1 (MCP-1) and monocyte colony stimulatmg f^ 
JSophagp Class^ A scavenger receptors and CD36. a Qass B scaveii^ recsptor are up- 
regulated by M-CSF. Once bound to specific scavenger receptors, mm-LDL can imtiate cell 
siaialing events in vascular cells stimulating phosphoinositide metabolism and calcium flux as 
stimulate phospholqase El activity through a tyrosine kinasenk^dem mechanism 
SpendentofprotrinkinaseC. This induces the release ofphosphatidicaad or aiadto(teiKaa^ 
for d^noid production in the vessel wall. A portion of this activity may be mediated by the 
Class A scavenger receptor ligands which stimulate macn^hage urddnase expression and IL-i 
production a growth 6ctor for smooth muscle cells. 

The biological properties of the Upids in mildly oxidized LDL difer from those induced by the 
imdsinWgUyoxSzedLDL. For example, the expression of tissue factor^ endothd^ 
iSuoed by mUdly oxidized LDL but not by highly oxidized LDL. "I^ "l»df.,'n higWy oa<hzed 
LDL are cytotoxic whereas the Upids in mildly oxidized LDL are not Mildly oxidized LDL 
induced the activation of the NFKB-like transcription fiictor and the increase in the appearana of 
specific oxidized phospholipids. With continued oxidation, hig^ oxitod UDL su^ as 
l^osphatidylcholine and oxidized sterols are produced with different biological activity as 
given above. 

The ability of mm-LDL to induce monocyte adherence to endothelial cdls is mimicked bf tiiree 
polar bioKtive lipids isolated ftom mm-LDL as well as oxidized l-palmitpyl-2-aracl«doiiyl-sn- 
dyccrophosphocholinfi. The molecular structure of two bioactive Upids wreidentifie^ ^ 
l4SS.(5H«ovaleryl)-sn-glycero.3.phosphocholine (m/t 594.3) and ^^^-^-S^^- 
sn5yc^3.phosphochoUne (m/t 610.2). The third Upid (m/t 83 1) has tematnrely been described 
as ^ aiachidonic aci4<xmtaining phosphoUpid containing three or four oxygen molecules, 
potentially forming a conjng^edtriene structure characteristic of lenkotrienes. The latter seiv« as 
a substrate for paiaoxonase, and those with fiagmentation products such as S^xyvalerate at the 
ai-2 position may represent substrates for PAF atxtyVxydzoxyiast. 

Glycated LDL , . . 

Glycated LDL is recognized less weU by the LDL receptor, but is taken up more rapidly ^ 
macrophages. Very prolonged exposure of U)L to high concentrations of glucwe leads to 
gtacoseHDSdiated cross-Unking and the generation of advanced glycosylation end products, whwh 
macrophages recognize in a specific saturable fiishioa 

Artificial com plexes of LDL . cv -n u.,^^„ 

Artificial complexes of LDL formed by incubaUon with fibronectm, heparm, andfibnUacoUa^n 
are also candidates, and the uptake there appears to be through recognition <^ *e fibronato. 
Complexes of LDL with itself are taken up more rapidly than native LDL via the LDL receptor. 
After incubation with neutrophils LDL is taken up more rapidly by macrophages. This is 
attributable to the dimerization of LDL by the action of secreted neutrophil elastase on native LDL 
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for the major apoproteins associated with the lipoproteim have ^eoicloiied Th^ 
iidSoUpoproteta (a) OAiean JW Nature 330: 132-137 (1987)), apohpoprotein B-lOO (Chen 
fflJBrcffiei: 12918-12921 (1986)). apoUpoprotein E4 provided by Drs. SLauerand J. 
Taylor. Lp(a) has been cloned froin<©NAUbKiries constructed fiomta^ 
(McLean JW Nature 330: 132-137 (1987)). Complete sequence analysis <^a 14 OOMjase-pair (bp) 
DNA copy of apo(a) mRNA showed many exact or nearly exact repeats of a 342.bp sequence 
ScutS^taSd; most of the mRNA consist of 22 tandem exact repeats and 15 modified repeats. 
ApoUpopiotein (a) belongs to a gene femily that includes genes encoding dotUng factors^ 
X:tuna proteins, and growth fectors. Domains shared by these proteins are protease-hfce 
domains, faingle^ts, ^dum binding domains, andepidermal growthfector precursor domains. 

In the present invention, superantigens are ligated to the major classes of lipoproteins in h^^ 

plasma including LDL. IDL. HDL. VLDL. diylomicons and remnants containing apoprotems and 

mm-LDL. oxy LDL isosteiols, inositols, lysophosphatidlydioline. synthettc immics of LDL 

adivity and oxyLDL byproduds by mdhods given in Example 47 Because of their umque 

capadWtoadteretotmnormicrovasculatureandevoteanapoptoticfln^^ 

lefflonse. the Iqwpiotein strudures preferred for Ugation to SAg include but arenot Umited to 

Lp(a). LpB-1000 or B-47, oxyLDL, oxyLDL byproducts. oxyLDL mumcs and IDL. 

n»e Upopioteins used for conjugation are prepared as in Examples 4^49 . The supeianti^ used 
for conjugation are preferentially in nucldc add or phage form but may also be "peptide, 
polypMti* nuddc add or phage display form. They are coupled to the vanous LDL. oxyl^L or 
kpSiotdnsviamdhodsgiveninExamples3.5.47. Alternativdy. aremcorporatedor 
bounder conjugated to a vesicular, exosomal slruduxes shed fiom normal, tumor or sidded cdls 
expressing LDL oxy LDL. oxyLDL mimics or apolioproteins. Supenmtigpns are also integrated 
SSuposLal structures prepared to express natural or synthdic LDL. oxyLM, apolipoprotens or 
oxyLmimimics as described in Sedion 45 and Examples 3, 5. 6, 36. 42 Optionally, int^n 
lirand sequences such as RGD are added to fiiciUtate the localization of the conjugates to the 
tianor mioovasculature binding to the a b^ integrin and a b^ integrin whidi are expressed therem 
(see Example 6). These superantigen-ujoprotein conjugates are physically trapped in the dense 
network of randomly branching Wood vessels of the tumor microcirculation and also bind to LDL 
or scavenger receptors ejqwessed in the tumor neovasculature. 

Construds consisting of naked Sag nucldc adds containing CpG baddionc teal to ^»FO^n 
nucldc adds alone or incorporated into Uposomes are prqared as in Exanqjlc 3. 6. 14. 30-3i ana 
delivered to the tumor sites tn vivo as in Examples 14. 30-31. 

These constructs are useful /» Wvo as a therapeutic antitumor vaccines according to Battles 14, 
15, 16, 1 8-23. They are also usefiil ex vtvo for prodndng a p(pilalion of tumor specific effector T 
or NKT cdls for adoptive immunotherapy of cancer Examples 2-5, 7, 15, 16, 18-23). 

TnmftT Cells or SicMed ErvthrD C vtes and Vesicles Expressing SAff and ApolipoppXdni; 
Superantigen nucleic adds are fised in fiame to nucldc adds encoding apoproteins indudmgbut 
nSTimitS apoprotdns Lp(a). B-48 and 100 and E3 and tianrfeded into tumor c^l^ /« v. to 
produce tumor cdls expressing superantigens and apoproteins. These tumor cells are recogmzed 
rSwrotein receptors in tumor miciovascnlature. Tumor cdls are also tiansfeded« wvo with 
Se idratical nuddc add constnids. A RGD sequence is added to promote deposition m the tumor 
nricrovasculature which are useful These tumor cell transfedants expressing Sag. apoprotem and 
R(H) bind to apoprotdn receptors and integrins respectively expressed in tumor mioovasculature 
wheidn they initiate a potent and localized anti-tumor response. 

Superantigen nucleic adds togdher with nuddc adds encoding either qx)(a), apoB and apcEA are 
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also tiansfected into nucleated sickled eiythrocytes (e.g., proerythroblast or normoblast phase) by 
methods given in Examples land 6. The integrin ligand RGD nucleic acids are transfecled into 
tumor cells or sidded cells to fadUtate the localization of the transfected tumor cells and sickled 
cells to integrins expressed in the tumor neovasculature in vivo (see Example 6). Alternatively, the 
sickled erythrocytes or tumor cells acquire the apolipoprotein oTOxyLDL by coculture with 
liposomes which express the apolipoprotein or oj^LDL (see Section 7 &Exasap\Q 5). 

These tumor cells or sickle cell transfectants are adminstered parenterally and are capable of 
trafTiddng to tumor microvascuature wherein they bind to apolipoprotein and scavenger receptors 
on endothelial cells and macrophages. The transfectants are phagocytosed by macrophages cells 
and induce endothelial cdl apoptosis. SAgs expressed on the tumor cells and sickle cells also 
induce a local T cell inflammatory anti-tonor response which envelops the neighboring tumor 
cells. 

These tumor cell and sickle cell constructs are prepared by methods given in Examples 1 & 6 and 
are useful in vivo against primary and/or metastatic tumors according to Examples 14, 15, 16, 18- 

23. 

Tumor Cells & Endothelial Transfected i n vivo with SA p; and Lipoprotein Receptors or Oxidized 
Lipoprotein Receptors 

The genes encoding the LDL oxyUyL, VLDL, LRP, CD36, SREC and LOX-1 receptors as well 
as macrophage scavenger receptors, expressed on endothelial cells and macrophages and have 
been cloned. Nucleic adds encoding receptors for various apolipoproteins including but not 
limited to the LDL or apo a, apoB or apo E receptor, CD3 6 receptor, LRP receptor, macrophage 
scavenger recejrtor, endothelial cell oxyLDL receptor (LOX-1) and endothelial cell scavenger ceU 
receptor (SREC) alone or together with imcldc adds encoding superantigens are injected directly 
into tumor sites. The same nucldc adds are transfected into tumor cells in vivo. Transfectioii of 
these receptors into tumor cells and tumor microvascular endothelial cdls results in the exfwession 
of the LDL recqrtor protein with high affinity binding specifidty for LDL ojqtLDL and Lp(a). 
Exposure of the transfected tumor ceUs or endothehal cdls to exogenously introduced oxid^ 
LDL (especially sterol and lysocholin^hosphatidic add) induces tumor endothdial cell apoptosis 
analogous to that seen in endothelial cell after exposure to oxyLDL. The transfected tumor cells 
internalize and degracte the oxyLDL and because they, like macrophages, have no means of down 
regulati ng the scavenger receptor are transformed to "foam cells** and undergo apoptosis. 

LDLHeoeptor(LDL-R) 

The high affoity receptor for LDL known as the apoB receptor or the LDL receptor (LDL-R) 
found on tumor microvascular cells as well as hepatic cells and macrophages binds LDL, VLDL 
and clQrIomicron renmants via thdr associated apoproteins..-^lipopK)tein B-lOO gene has been 
cloned (Chen SH J. Biol Chem. 261: 12918-12921 (1986)). The LDL gene is more than 45 
kilobases in length and contains 18 exons. Thirteen of the 18 exons encode [mtein sequences that 
are homologous to sequences in other proteins: five of these exons encode a sequence similar to 
one in the C9 component of complement; three exons encode a sequence similar to a repeat 
sequence in the precursor for qridermal gnwth fector (EOF) and in three protdns of the blood 
clotting system (&ctor IX, factor X, and protein C); and five other exons encode nomepeated 
sequences that are shared only with the EOF precursor. Tb IDL receptor appears to be a mosaic 
protein built up of exons shared with different proteins, and it therefore bdongs to several 
supergene femiUes (Sudhof TC et al., Sdence 228: 815-22 (1985)). 

Regulation of LDL-R expression occurs primarily at the transcriptional level and is controlled by 
levels of free cholesterol in the cdL Inflammatory mediators such as growth &ctors and cytokines 
can promote the Wnding and iq^ake of LDL. These mediators include PDCff, TGF-b, basic 
fibroblast growth fector, TNFa, and E^l. Some of these mediators, such as TNF-a and IL-1, 
affect transcriptional regulation of the LDL-R gene at the fcvd of the promoter. 
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VLDLRecqpt r 

The VLDL receptor has been described as a new member of the LDL receptor supergene femily 
that specifically binds VLDL and chylomicron remnants via apolipoprotein E and lipoprotein 
lipase. Both apolipoprotein E and lipoprotein lipase are constituents of chylomicron remnants, and 
a pltysiolQgical lig^nd for the VLDL receptor (Niemeier A et al., J. Lijnd Res. 37: 1733-42 
(1996)). 

LRPReceptOT 

The alpha 2-macrogl6bulin receptor or lipoprotein receptor-related protein (LRP) (LRP) is a cell- 
surface glycoprotein of ^525 amino adds that functions as a multifunctional receptor which binds 
and rapidly internalizes several plasma proteins. These include alpha 2-macrogJobulin-protease 
complexes, ftec plasminogen activators as well as plasminogen activators complexed with their 
inhibitors, and beta-migrating very low density lipoproteins complexed with either apolipoprotein 
E or lipoprotein lipase tissue and urokinase^type plasminogen activators, plasmino^ activator 
inhibitor-l, lipoprotein lipase, and lactoferrin. The active receptor protein is derived fiom a 600- 
kDa precursor, encoded by a 15-kb mRNA, cloned and sequenced in human, mouse, and chidcea 
The entire human gene (LRPl) coding for A2MR/LRP has been cloned The gene covers about 
92 kb and a total of 89 exons, varying in size from 65 bases (exon 86) to P25bases (exon 89) have 
been identified The introns vary from 82 bases (intron 53) to about 8 kb (intron 6). In tiie introns, 
3 complete and 4 partial Alu sequences have been identified Interexon PCR from exon 43 to 45 
yielded a fragment of 2.5 kb. Attempts to subclone this fragment yielded inserts ranging between 
0.8 and 1.6 kb. Sequencing of 3 subclones with different-size inserts revealed a complex repetitive 
element with a different size in each subclone. In the mouse LRP gene this intron is imjch smaller, 
and no repetitive sequence was observed In 18 unrelated individuals no difference in size was 
observed when analyzed by interexon PCR (Van Iwwen, F et al., Genomics 24: 78-89 (1994)) 

The LRP reoe{^r is mainly re^xmsible for the binding and internalization of chylomicron 
remnants as well as ^E-containing HDL. .^x)E-containing lipoproteins are taken up and 
degraded by receptor-mediated endocytosis. .^lipoprotein E3- and apoE4-containing 
lipoproteins have a similar binding affinity and cause a similar degree of lipoprotein 
internalization viaUie LDL-R and Oie LRP. LRP can mediate tiie degradation of tissue fector 
potbw!^ inhibitor (TFPI), a Kunitz-type plasma serine protease inhibitor that regulates tissue 
&ctor*induoed blood coagulation 

The 3 94dDa recqnor-assodated protdn (RAP) associates with the nudtifun^^ 
lipoiHDtein (LDL) receptor-related protdn (LRP) and tiieretoy prevents tiie binding of all known 
ligands, including alpha 2-macrpglobulin and chylomicron remnants. RAP is predominantly 
localized in the endoplasmic reticulum and functions as a chaperone or escort protein in the 
biosynthesis or intracellular tran^wrt of LRP. RAP iromotes tiie expression of functional LRP in 
Wvo and stabilizes LRP within the secretory pathway. 

Macrophage Scavenger Receptors 

Scavenger receptors mediate the endocytosis of chemically modified lipoproteins, such as 
acetylated low density lipofMrotein (Ao-LDL) and oxylDL. Functional MSR are trimers of two C- 
terminally diGferent subunits that contain six fimctional domains. The MSR gene has been doned 
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in an SO-kilohase human and localized to band p22 on chromosome 8 by fluorescent in situ 
iQTbridization and by gen^c linka^ using three common restriction fragment length 
polymorphisms. The human MSR gene consists of 1 1 exons, and two types of mRN As are 
generated by alternative splicing from exon 8 to either exon 9 (type II) or to exons lOand 11 (type 
1). The promoter has a 23.base pair inverted repeat with homology to the T ceU element Exon 1 
encodes the S-untranslated region followed by a 1 2-kilobase intron which separates the 
transcription initiation and the translation initiation sites. Exon 2 encodes a cytoplasmic domain, 
exon 3 , a transmembrane domain, exons 4 and 5. an alpha-heUcal ooUedcoil. and exons 6-8, a 
coUagii4ike domaia The position of the gap in the coiled coil structure corresponds to the 
junction of exons 4 and J. The human MSR gene consists of a Macrophage scavenger receptors 
(MSR) mediate the binding, internalization, and processing of a wide range of negatively charged 
macromolecules. Functional MSR are trimers of two C-terminally different subunits that contain 
six functional domains. The MSR gene has been cloned in an 80-kilobase human and localized to 
band p22 on chromosome 8 by fluorescent in situ hybridization and by ^netic linkage using three 
common restriction fragment length polymorphisms. The human MSR gene consists of 1 1 exons, 
and two types of mRNAs are generated by alternative splicing fix)m exon 8 to eitii^^ 
fl) or to exons 1 0 and 1 1 (type 1). The promoter has a 23-base pair inverted repeat with homology 
to the T cell element Exon 1 aicodes the S-untianslated region foUowed by a 1 2^obase intron 
which separates die transcription initiation and the translation initiation sites. Exon 2 encodes a 
cytoplasmic domain, exon 3 , a transmembrane domain, exons 4 and 5, an alpha-helical coiled-coil, 
and exons 6-8, a collagen-like ctomaia The position of the gap in the coUed coU structure 
corresponds to the junction of exons 4 and 5. The human MSR gene consists of a mosaic of exons 
tiiat encodes tiie functional domains. Furthermore, tiie specific arrangement of exons played a role 
in determining the structural characteristics of functional domains (Emi M et at, J. BioL Chem. 
268: 2120-5(1993)). 

Scavenger receptors on tumor endotiieUum and stroma bind oxidized LDL, apoptotic cells, and 
anionic phosphoUpids. Class A receptors, includes tiie type I and II macrophage scavenger 
recq>tors (SR-M and SR-MI). Th^r are found predominantiy on macrophages and activated 
smootii muscle cells. SR-M and SR-MI are homc^meric memteane iroteins, which are (krived 
from alternatively spliced mRNA products of a single gene. Ugands for class A receptors include 
acetylated LDL, oxidized LDL, fiicoidan, and carrageenan. The second class. Class B scavenger 
receptors, inchides CD36 and SR-El, which are found in adipose tissue, lung, liver, and 
macrophages. 



Acetyl LDL receptor 

Acety I LDL receptor or the scaven ger receptor, i s distinct from die LDL receptor and does not 
recognize native LDL. It has been found on tumor microvascular cells as well as 
monocyte^macrophages, Kupfer*s cells, and endotiielial cells, particularly die sinusoidal 
endothelial ceUs in die liver. The same recei^r also recognizes otiier chemically modified forms 
ofLDL,indudingacetoaoetylLDLandmalondialdeltyde-conjugatedLDL. Theace^lLDL 
receptor binds (>xU>LUDL modified by inciibationwidi cultured endotte LDL 
incubated witii cultured radoflielial cells for 1 2 to 1 8 hours, undergoes a physical and chemical 
changes rad die resulting endotiielial ceU-nw)^ 

macrophages 10 times more rapidly than native LDL. Thus. aUtiuee tiie major ceU^^ in die 
artery wall can convert LDL to a form recognized by the acetyl LDL receptor. 
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CD36 Receptor 

CD36. a raultigland glycoprotein structurally related to SR-BI and CLA- 1 found on monocytes, 
endotheUal ceUs is a high affinity receptor for the native lipoproteins HDL, LDL, VLDL and for 
QxLJDLandAcLDL. The CD36 gene has been cloned (Endemann G ^ al„ J. Biol. Chem. 

268:11811-6 (1993)). 

Endothelial Receptors for QxvLDL! The LQX-1 R ece ptor fC-Tvpe Lectin Receptor)& Scavenger 
Receptor Expressed bv End othelial Cells (SREQ 

Endothelial dysfunction or activation elicited by oxidatively modified low-density lipoprotein 
(Ox-LDL) is characterized by intimal thickening and Upid deposition in the arteries. Ox-LDL and 
its Upid constituents impair endothelial production of nitric oxide, and induce the endothelial 
exi»ession of leukocyte adhesion molecules and smooth-musde growth factors. Vascular 
endothelial cells in culture and in vivo internalize and degrade Ox-LDL through a putative 
receptor-mediated pathway that does not involve macrophage scavenger receptors. 

LOX-1 Receptor 

LOX- 1 , a novel receptor for o^^-LDL, is a membrane protein that belongs structurally to the C- 
type lectin family, and is expressed in vivo in vascular endothelium and vascular-rich organs. The 
LOX-1 recqjtor ftom vascular endothelial cells has been cloned (Hoshikawa H al., Biochem. 
Biophys. Res. Commun, 245: 841-6 (1998)). i^ouse LOX-1 is composed of 363 amino adds 
with a C-type lectin domain type II membrane protein structure and triple repeats of the sequence 
in the extracellular **Ned£: domain," which is unlike human and bovine LOX-1. LOX-1 binds 
oxidized LDL with two classes of binding affinity m the presence of serunt The binding 
component with the higher affinity showed the lowest value of Kd among the known receptors for 
oxidized LDL. Wth respea to ligand specificity, LOX-l is a receptor for oxy-LDL but not for 
Ac-LDL and leco gnizes a protein moiety of oxy-LDL with a Ugand specificity that is distinct fsom 
other receptors for o?gr-LDL, iiKluding dass A and B scavenger receptors. 

Scavenger Receirtor Expressed bv Endothe lial Cells f SREC\ 

The primary structure of the SREC molecule has no significant homology to other types of 
scavenger recqrtors, including the LOX-1 recqjtor. The cDNA encodes a protein of 830 amino 
acids with a calculated molecular mass of 85, 735 Ete (mature peptide). The cloned has an N- 
tenninal extracellular dcMnain with five epidermal growth 6ctor-like cysteine pattern signatures 
and long C-terminal cytoplasmic domain (391 amino adds) composed of a Ser/Pro-rich region 
foUowedhy a Gly-rich region (Adachi H et al., J. Biol. Chem. 272:31217-20 (1997) 

The SREC mediates the binding and <^radation of acetoacetylated (AcAc) and aoe^^lated (Ac) 
low density lipoproteins (LDL). Isolated sinusoidal endothelial ceUs fiwm the rat Uver show 
saturable, high affinity tending of AcAc LDL and degrade AcAc LDL 10 limes more effectively 
than aortic endothelial cells. Specific sinusoidal ^dothclial cells bearing the SREC not the 
maaopbages of the reticuloendothelial system, are jranarily responsible for the removal of these 
modified lipoproteins fixmi the circulation /nvrvo. For this reason, the SREC reoqjtor and the 
LOX- 1 receptors are preferred for use in transfecting tumor cells tumor endothelium in vivo . 

Polypeptide or nak^d DNA encoding receptors for UyL oxyLDL, VIX>L, LRP, CD36, SREC, 
LOX-1 andmacrofAagie scavengier recejrtor (coUectively o-LDL receptors) are used individually 
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or together with SAgpolypeptideeor nakedDNA contaimng the CpG teckbone are prqjared as m 
Examples 1 2 3.30-31. Alternatively. SAg are incoqwnited or bound or conju|?ited to vesicular 
or^mal structures shedfiom cells expressing the LDL. oxyLDL recqptors SupeWnsare 
also incorporated into liposomal structures which express natural or synthetic LDL, ogrLDL 

^Sscribcd in^on 45 and Examples 3. 5, 6. 36. 42. AU ot th«« constructs are 
adn^nistered in vivo by any route but preferably by intratumoral injection as m Exampte 2, 6, 14. 
30-3 1 Once localized, and expressing o-LDL receptor(s) in tumor sites in vivo, lipoproton 
preparation(s) containing thdr respective Bgands an! adminisusred to t^^^ TteseLDL, 
oxyIl)L or Upoproteins are non toxic to the host generally but upon bmdmg to a dense populaton 
of receptors in the tumor induce apoptosis of tumor ceUs andMidothelial <^^«ff^S ^ 
receptore and initiate a well localized anti-tumor response. The presence of the SAg at the same 
site amplifies the immune and inflammatory anti-tumor effect The advantap of tins system is the 
minim^toddty to the host since the o-LDL receptors are of host origm and the hpid infiisions 
consist of substances which are indigenous to the host TTiese constructs are useful in vivo against 
primary or m^static tumors according to Examples 14, 15, 16, 18-23. 

50 SAg ComMned whh Tnmor Vi ruses (Nucleic Acid or PepUde Forms) 
S Ags are chenrically conjugated to HPV-E6 or 7 human papilloma virus tumor antigens by 
methods given in Examples 3. Alternatively, the naked nucleotides contaimng 
immunostimulatoiy sequence of the supetantigenand theHPV-E6 or E7 sue prepared UKhv^Uy 
or as a fusion nucleotide or protein as in Examples 5, 30. 3 1. Alternatively, the the S Ag-HPV 
flision gene is transfected into tumor cells as given in Example 1. In this case, the virus smes^ 
the vector for tranfecting the cells with the si?)erantigBn nucleic adds. The siq3erantigen-HPV-E6 
or E7 conjugates, &sion protons, naked DNA fusions or tumor cdls expressing the superantogens 
and HPV are used as preventative or therapeutic vaccines under protocols given m Examples 14, 
15 16 18-23, 30, 31. Further, SAg andHPV-E6 or E7 transfected tumor cells are subjected to 
inadisrtion or'other apoi«osis inducing agents or stimuli arter which the ^xjptotic tumor ceU 
transfectants are iwesented to dendritic cells ex vm> wliich ingest the qx)ptotic tumor cells of In 
the dendritic cells, the viral antigens and superantigen underg) cross priming to theclass I 
pathway and these dendritic cells are then harvested and administered to the tumor bearing host as 
Sren in Examples 26-28. The DNA and RNA from these SAg and HPV- E6 or E7 tran^teted 
tomor cdls or dendritic cdls is extracted and utilized for in vivo therapy as m Examples 30-34. 
While the HPV-E7 is exemplified herein, tiie method is aptOiaiAe to otiier viruses which are 
known to be associated or cdopathogenic in the malignant state indu<fing but not limited to 

adenovirus. EB virus, hapesvirus. hepatitis B, cytomegalovirus and Kaposi's sarcoma 
heipesviius. 

SI \«frme^ted Immune Rest »nse to Cancer a n d infectious Diseases: Ddetion or Inactivation of 
TminiinncvtP inhihitarv Rec e ptors and Im m imnreoentor Tyrosine Based Inhihitorv Motifs (UIMs) 
Many lipid+ased tumor associated antigens consist of Iqrids. glycoUpids, ganghosides. 
sphingolipids and lipqpeptides (collectivdy LBTAAs) which are weak immunogens and fail to 
evoke an effective tumoriddal immune response. The same may be said for lipid based antigens 
associated witii infectious organisms. For examjde, tumor ganglioades shed firom the ceU or on 
tumor cdl surfeoe ate actually capable of suppressing T cdl function. The present invention 
provides inhibitory receptors and tiidr inhibitory motife which recognize 1) lipid-based tumor 
associated antigras (LBTAAs), 2) l^jid*ased infectious disease associated antigens (^BpAs) 
and 3) siqieiantigens or self molecules assodaled witii aqwrantigens (SSMAS). Ddetion or 
inactivation of tiiese inhibitory recqjtors or tiidr inhiWtwy motifs by pharmacologic or gen^ 
methods results in an enhanced cdlular response to tumors or infectious disease assocoaated 
organisms. The inhibitoiy receptors spedfic for LBTAA.LBroA and SSMAS are abbreviated as 

IRTAA, miDA and IRSAG respectively. 

In the present invention, IRTA^ miDA and IRSAG on T ceUs, NK cdls and NKT cdls, whidi 
inhflMt responses to lipid antisens presented in the context of their natural antigm presenting 

81 



receptor e.g., CDl or a suitable surrogate are deactivated or eliminated prior to exposure to 
specific LBTAA, LBIDA and SSMAS . The inhibitory receptors recognize and respond to the 
same Upid-based TAAs and self (e.g., CDl or MHC) as the activation receptors or they respond 
with an inhibitory signal to the activation receptor only after the activation receptor has been 
engaged The immunocyte populations bearing such inhibitory recqrtors include but are not 
limited to T cells, NK cells or NKT cells. After exposure to LBTAA, the immunocyte population 
devoid of an IRTAA response becomes tumoriddally activated due to the unoRJosed stimulation 
or the activation receptors. This is of particular advantage in the case of weakly immunog^c 
LOTAAs which bind to inhibitory receptors on immunocytes. Likewise, after exposure to 
LBIDAs the immunocyte population devoid of IRIDAs becomes cytolytic for the infectious 
organism. Similarly, if a LBTAA or LBIDA is associated, gen^cally fiised or conjugated to a 
SSMAS, after exposure to SSMAS and LBTAA or LBmA the immunocyte population devoid of 
the mS AG (plus IRTAA or IRIDA) becomes Itypcrresponsive to the LBTAA and LBIDA. 

Deactivation or deletion of inhibitory receptors in T cells is carried out both ex vivo and in vivo 
prior to exposure to the LBTAAs by methods given in Examples 51, 52. Such measures include 
but are not limited to the use of specific antibody or antibocfy fiagments directed to the inhibitory 
receptor(s), gene knockout by homologous recombination or oqwsure to an anti-sense nucleotide. 
Deletion of these inhibitory receptors leads to a significant enhancement of immunocyte activation 
in response to lipid-based TAAs and superantigens. In particular, these immunocytes with deleted 
Inhibitory receptors are rendered capable of responding to subdominant and dominant lipid-based 
TAAs on tumor cells, diflBerentiating into C^toxic lymphocytes e.g., CTLs and secreting 
tumoricidal cytokines. 

The mTAM and nUDAs are found in T cells, NK cells and 1«T cells £a^ 
types (1) Type I integral membraneproteinsbelonging to the IgG siqjerfiamily (2) Type n integral 
membrane proteins in the C ^ lectin superfamily expressed as disulfide linted dimers either as 
homodimers or heterodimers. Once engaged, they deactivate signals originating from the TCR 
CDl activation receptor. 

The present invention contemplates deletion or inactivation of the IRTAA, IRIDA, IRSAG or 
immune receptor tyrosine based motifcOTIMS) These receptors induce inhibitory effects because 
they retain ITIM in their cytoplasmic domains which is phosphoryla^ or 
tyrosine phosphorylase to dephosjAorylate molecules in the activation cascade. If the inhilntory 
receptor is engagpd, it has a dominant effect and blocks cell activation of cytotoxicity and cytokine 
secretion. 

When stimulated, the IRTAA, IRIDA, IRSAG and thdr respective mMs inhibit cellular 
activation by receptors specific for LBTAAs. The IRTAAs and IRIDAs on a/bTCRs confer 
spedfidty for LBTAAs and LBro As reqjectively optional^ in the context of 
Sequence analysis of a panel of CDl-restricted, lipid-specific inhftritory TCRs reveals the 
incorporation of template-independent N nucleotides that encode diverse sequences and fiequent 
charged basic residues at the V(D)J junctions. The TCR CDR3 loops containing charged residues 
project between the CDl a-helices, contacting the lipid antigen hydrophilic head moieties as well 
as adjacent CD 1 residues in a manner that explains antigen specificity and CD 1 restriction. 

The IRTAAs respond specifically to LBTAAs whidi inchidc fetty adds, ceramides, glycolipids, 
sphingolipids, glycosphingolipids, phtosphingolipicb, gangliosides, Upopeptides. IRIDAs 
recognize LBIDAs &rived horn bacteria, mycobacteria, parasites, fungi, jrotozoans or plants and 
respond by iffodudng an effective immunocyte response. These antigens cortqjrise sphingolipids, 
glycopeptides, phytoglycolipids. mycoglycolijads, lipoarahinans, nqroolic adds, Braun*s 
lipopeptide, inositolphosphorylceramides and plant phosphatidylinositol. Sphingolipids with 
inositolphosphate-containing head groups showing the general structure of ceramide-P- 
myoinositol-X with X referring to polar substitucnts consisting of oeramide-p-inositol-mannose, 
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iiiositol4-P-(6)iiiaimose(aUinositol-lP-(l)ceiainidfi. (mositol-P)2-oeraimde, inositol-P-inositol- 
P^eramide. inositol-P-inositol-P<erainide are also useful. IHese structures are useful in native 
fcwm or naturally conjugated to GPI. 

Angmented Imip.".*^ R^nse to T -imnrs and Infectiwis Diseases: Dual Tnactivatioii or Deletion 
nf TRTAAs or IRmAi; and SSM A.<ta and theb ITlMs 

The present invention contemplates the dual deletion or inactivation in the same unmunocyte of 
the mSAGs or their ITIMs and IRTAAs or IRIDAs and their respective YHMs. Deletion or 
inactivation of these receptors in an inmmnocyte population results in au^oited ™noqrte 
responses to tumors or infectioas agents after exposure to LBTAAs o'^^F*^ f^.^* 
SSMAS. The LFTAAs or LBIDAs are also effective when conjugated or fused to SSMAb or 

freesuperantigen. The receptors inhflritory of supeiantigenactivaaon are the kiUer ceUinhibi 
receptoreOORs) which are a fiunily of structurally reMedoeUsurfecemolecdes ttotwe . 
expTKsed on subsets of hunmNK and TcdlspiBdominflntlyCD28+ memory cells. These 

l^AGs bind to polymorphic class I HLA-B and HLA-C alleles on a superandgen presentmg ceU 
and are fimctional in inhflriting cytotoxidty and cytokine production by effector T c^ 
response to superantigen. The p58 and p70mmdecules appear to recogmze piblicqntopes 
formed by polymorphisms at the C-terminal portion of the a-hdix of HLA-B and HLA-C aDdes. 
In mice, KIRs recognize H-2 dass I molecules and inhilMt NK cdl mediated cytotoxiaty. KIRs 
are presert on 1« cells, subsets of T lymphocytes, indudingboth CD4+ and CD8+ T cells. 

AUoftheKIRswithalong(ytoplasmictaapo5sesstwoinnmmerecqjtortyrosine4jased 

inhiT>itoiy motif (TTIM) sequences (YXXL) separated ly 26-28 amino adds. Th«e motifs, which 

are presort in other inhibitory receptors have been shown to be critical for the inlubitoiy signals 
generatedby KIR upon binding to a dass lUgand In thdrcgloplasmic domains these rece^ 

retain ITIMs which generate a negative signal by recniiting and activating Src homology region 2 
domain piotdn tyrosine phosphatases. SHP-1 and SHP-2;which dephosphoiylates the molecules 

in the activation cascade and therefore , , 

counters the sdmulatory effects of lutein tyrosine kinases associated with activation pattways. 

The balance of the activation and inhibitoiy receptors for IgG and the balance between these two 
responses determines the oeU's activities. However, engagement of the inhibitory receptor has a 
dominant effect and blodcs the cell activation KIRs inhflA the lytic fiinrtion of CTLs activated 
by bacterial superantigens and r^ulate other T cdl re!?»nses since disnqiuon of KIR recogmtion 
rfsdf-class I molecules produces significant increases in T cdl cytokine producuon m response to 
siqjerantigen stimulation. 

Ddetion or Inactivation of mMs or thdr ITAMs 

InhiWtoiy receptois, contain immunoreceptor tyrosine based inhibitoiy motife (TTIMs) in thdr 
cytoplasmic tails. In the present invention, deletion or inactivation of the TTIMs of IRTAAs, 
IRIDAs or BRSAGs results in augmented activation rfimmunocytes in response to thdr respective 
LBTAAs. LBIDAs and siq;)erantigens. 

Several inhibitoiy receptors reside in femilies that have amilar characteristics. These receptors 
are inert when sdf-aggregated but are aWe to abolish cdlnlar si^ials when cob^ to 
stimulatory receptors. Iheir cytoplasmic domains contain one or more mMs. defined by the ax- 
amino add sequence (ILV)xYxx(LV). TTIM sequences are phosphoiylated on receptor cohgation 
to create a binding site for Src-homol(»gy 2 (SH2) domain-containing cytoplasmic fectors ttatran 
transmit the inhibitoiy signal intracdlularly. When phosphoiylated these receptors iwOTit SHP-1 
or tyrosine phosphorylase whidi dephosphoiylates molecules in the activation cascade. Sewral 
fimdlies of inhibitory receptors with spedfidty for MHC class I molecules have been identified. 
aU of which contain TTIM sequences in their cytqjlasmic tails femity. 
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The inhibitoiy receptors contain an activating receptor counterpart with a highly homologous 
extraceUular domain and a short cytoplasmic portion that lacks signaling capacity, "nie 
transmembrane domains of these activation recq«ors are characterized by the presaice of a 
charged amino add. a haUmaik of receptors that associate with accessory subumts conlaimngthe 
immune receptor activation motif (TTAM). lTIM4jearing receptors commonly inWbit artiva^ 
signals triggered by receplors that contain the ITAM in their cytoplasmic tails, such as the BCRs, 
TORS and FcRs. CeU activatioii mediated by ITAM-containing leceptors involves the 
phosphoiylation and activation of several tyrosine kinases and subsequent acUyation of 
phosphoUpase Cg and phosphatidylinositol 3-kinase (PLCg and P13-K). together leaing to the 
producUon of phosphoinositol messengers and a sustained increase in cytoplasmic Ca +. If the 
inhibitoiy receptor is engaged it has a dominant efiect and blocks &e cell acfi^on of 
cytotoxicity and cytokine production. The present invention contemplates the blodode or 
deletion of the ITAIVI portion of the activation receptor as a means of Wockmg the inhibitory 
signal Uuis rendering the inummocsfte hyperresponsive to LBTAA, LBBDA or SSMAS. 

lnhfl>itoiy receptors use two different pathways to terminate ceU activation depending on the type 
of molecule that is recruited to the phosphorylated ITIM sequences: 1) protein dephosphoiylation 
mediated hy tyrosine phosjAiatases SHIP and/or SH-2 which abn^te the most proximal events in 
the activation cascade iBSulting in the abolition of Ca mobilization and 2) an inhilMtory signal is 
generated via phosi*oinositol phosphatase SHIP which Iqrdrolyzes i*osphoinositol messengers 
and does not affect proximal events tri^pted by the activating receptor, such as the activation of 
kinases, recqrtor pho^wylation, or Ca + release ftom intracellular stores. Rather, it specific^ly 
impedes extiacelhilar Ca% infhix and therefore Wocks a sustained increase in cyt«^ilasmic 
Them signal is dqwodent on SHP-I and not SHIP, while the FcgRH signal is dependent on the 
phosphoinositol phoqAatase SHIP and not the tyrosine phosphatase SHP-1. Three molecule 
recruited by inhibitory receptors, SHP-1, SHP-2 and SHIP, are associated with antigen, Fc, growth 
actor, and cytokine receptors and their absence results in augmentation of cell activation and 
piolifferatioa They do not fimction through recrnitment to inhibitoiy receptors, but rather via 
association with stimulatory receptors to set threshoMs or to prevent unsolicited cell activation. 
The dissociation of antigen firom its binding to molecules recniited by SHP-1, SHP-2 and SHIP 
would lead to an ^rtive n^ative signal and augmented imunocyte reactivity to TAA and 
superantigens. 

Human KIRs contain two ITIM sequences in their qtoplasmic domaia Each of these ITD^ 
phosphorylated form, can bind in vi/ro to SHP-1 and SH2 but not to SHIP. SHP-1 prefers the 
sequoice VxYxxL. The N-terminal mM (VTYAQL) binds to both of the SHP-l SH2domains. 
and it does it more efficiently than the C-terminal mM (IVYELL) . The N-terminal ITIM has 
been fimnd to be sufficient for the inhflritory signal in deletion studies. 
Functional inactivation rf ITIMs (or their SH-2, or SHIP binding sites) of IRTAA. nUDA and 
IRSAG using pharmacologic agents, specific (intracellular) antibodies and gene knockouts m 
immunocytes are envisioned as a means of providing a pqwlation of immunocytes 
faypenesponsive to TAAand sn|iaantigens. 

The inhibitory recqitors on immunocytes are ddeted or inactivated in vivo or ex vivo before 
emosure to lipid-based TAAs. or superantigens. In vivo inactivation of IRTAAs, IRIDAs, 
mSAGs is accomplished via administration of an anitsense molecule which inactivates the 
relevant inhibitory ITIM or related signaling sequences. These immunocgrtes are activated in vivo 
Iw ejqjosure to 1) LBTAA oqwessed on endogenous tunror or by exogenous purified LBTAAs 2) 

LBIDAs derived from infectious disease associated organisms ejqjressed on endogenous 
organisms or by exogenous purified LBIDAs 3) exogenous superantigen admimstration. 
LBTAAs, LBIDAs or SSMAS are usdnl in vivo as vaccines or against established cancer or 
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infectious disease as given in Example 54. Alternatively. *^}"'^J^'[^°^^;^^ff 
or their respective ITIMs arc deleted or inactivated ex vivo using meUwds ©ven n Examp a 51, 
S^S^hese cells are exposed to LBTAAs. LBIDAs or SSMAS ^ SSas^ 

54 When it is desirable to augment the immunocyte response to LBTAA or LBIDAs and 
SSMAS ^ cells are expos^ to LBTAA or LBIDAs and SSMAS simultaneously or 
seauentially as described in Example 54. In order to prevent uncontrolled T ceU acuvauon and 
SmnS responses by the immunocytes depleted of their inMtatory jJ^^J^ 
immunocytes with deactivated or deleted inhflritoiy receptors are transduced ex vivo wththeHS V 
thymidine kinase gene rendering them suscepUWe to killing by gancyclmr m vivo as described m 
Example 56. 

The present invention encompasses IRTAA, miDA, IRSAG represented in any 
as long as they retain their functional properties which when deleted or nacUyated by mdhods 
given in Examples 5 1 , 52 produce similar augmented responses to LBTAAs, LBIDAs and , 
SSMAS as in Examples 53, 54. 

o rv.iPfin« nf I BTAA. LBIDA » SSMAS Motifs ^hidi Selectivelv Bind and Activate IRLBTs, 

TRLAsandlRSAs . • .. i ^ i uj_^ 

The structural m<;tifi> in the LBTAA, NTLB molecules and superantigens which selectively bmd 
to IRLBTs. IRLAs or IRSAs and generate an inhitetory signal are identified. These molecules 
tenned antagonist motife. are deleted fiom the LBTAA, LBIDA and superantigeiis molecul«so 
that remaining agonist motifs selectively bind and stimulate the immunocyte activatmg realtors 
(e.& via their their receptors or ITAMs) without activating the dominant inhibitory receptor or 
thdr ITIMs. This results in enhanced signaling and activation by the immunocyte population m 
response to weakly immunogenic LBTAAs. LBIDAs and SSMAS or ftee superand^. 
Ahematively the molecules in the enzymatic chain which produce activation of the inhibitoiy 
recqjtor following exposure to LBTAAs, LBIDAs or supoantigen e.g. SHP-1, SHIP are 
functional^ and reversibty deactivated (e.g.,intracellular antibodies ) or deleted (eg., gene 
knodawt) leading to unopposed signaling l>y the activation receptor and Iwerre^nsiveness to 
LBTAAss, LBIDAs and SSMAS or superantigens. Alternatively, the functional at^ on the 
ITAM sequence of the activating receptor (which are activated by ITIMs) are Mocked or 
inactivated pharmacologicaUy (e.g. intraceUular anitbodies or anti-sense) or genetically deleted 
(ITAM sequence knodcoot) as given in Exanqdes 5 1-52. 

SI Tm.n,,nnrvte; Deleted orU vrMc Acids Enc o ding IRLBT or IRSAG or their ITIMs and Fas 



ThemesctA invention envisions an immunocyte not only deirfeted of IRLBTs and mSAGs tat 
also devoid of Fas ligandtecqjtors. Such an immunocyte is not only hypenc^nsivc to LBTAAs 
and SSMAS or fiee superantigens but also unable to undergpapoptosis in response to tumorcells 
wMch secrete Fas ligand. Therefore, when used in adoptive transfer, these immunocytes contmue 
to display their tumoriddal properties while also penetrating tumor tissue without undeigping 
apoptosis by Fas ligand secreting tumorcells. The deletton or fimctionalinactivauon of the Fas 
gme in immunocytes and T celhs, NK ceib and NKT cells in particular is accom^ 
homologous recombination or anti-sense as given in Exanqjles 51 and 52. The immunocytes are 
useftd for adoptive immunotherqiy of cancer (Exanqrfes 2-5, 7, 15, 16 18-23, 54). 

54. Genes Encoding TRTA A. IRIDA. I WSAG ITIMS & ITAMs „ ^ « ^ 

Genes encoding the inhibitory receptors and their mMS are cloned usmg techniques well defined 
intheart Their size and chromosomal location are determined using weUdevdopedtechmques 
inthefieW. It is predicted that they represent a 40 base pair segment In the present invention, 
genes encoding mTAAs,IMDAs,n«AGs and their ITIMs, or signaling sequences m 
immunocytes are del«ed or inactivated in vivo or ex vivo by mrthods given m Emafies 51 and 
52. These cells are tiien ejqjosed to IRTAA, IRIDA, IRSAG in vivo or ex vivo Example 53, 54. 
The er vhw treated immunocytes are us^ for adoptive immnnotheiapy of cancer and infectious 
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disease (Exan^es 2-5, 7, 15, 16 18-23. 53, 54). 



55. Therapeutic Composition Comprising Superantigen or SSMAS Conjugated to LBTAAs and 
LBIDAs 

In tile jHesent invention, superantigens are conjugated to LBTAA which include fetty acids, 
ceramides, glyooliirids, sphingolipids, glycosphingolipids, gangUosides» lipopeptides. 
Superantigens are also conjugated to IJBID/^ gjiycan and pqstidogly^ 
bacteria, mycobacteria, parasite, fimgi or {tots conqprising sphingolipids, gjiycopqstides, 
peptidoglycans andteichoic adds, phyto^oolipids, mycoglyoolipids, lipoarabinan, mycolic 
adds, Braun*s lipopeptide, inositolph^horylceramides and plant phosphatidyiinositol. 
Sphingolipids with inositolpho${diate-containing head groups showing the general structure of 
ceramide^-ntyoinositol-X witii X referring to polar substituents consisting of ceramide^inositol- 
mannose, inositol-l-P-(6)mannose(al^inositol-lP-(l)ceramide, (inositol-P)2-ceranude, inositol- 
P-inositol-P-ceramicte, inositol-P-inositol-P-ceramide are also useful. These constructs are jised in 
native form or they are fiuther conjugated to GPI structures. They are also isolated from shed 
membranes, exosomes, or vesides of tiie native organista These lipids are extracted and purified 
as given in Example 55. SAg-LBTAA or SAg-LBIDA conjugates are prepared by m^ods given 
in Examples 4-5. For immunisation, these constructs are used alone or they are loaded onto CDl 
recqytors in soluble form or on the surface of APCs as given in Example 5. These molecules 
especially with attached GPI are fiised to cellular membranes such as tumor cells or erytiuocytes 
bym^odsgiveninExanq)le5. In this form, they are used activate T cells, NKT cells or NK 
cells. These coiistructs are useflti//>Wvo as a therapeutic antitunoor vaccines according t^ 
Exanq>les 14, 15, 16, 18-23. They are also useful ex vivo for producing a population tumoriddal T 
cells. NK cdls or NKT cells for ado[rtive immunotiier^ of cancer (Examjies 2-5, 7, 15. 16, 18- 
23). They are used ex vivo to activate iinmmiocytes in which IRTAA,IRnDA or IRS AG are 
deleted (knockout) or functionally deactivated (anti-sense-treated[)as given in Exan^e 53, 54. 
These hyperreponsive immunocytes are then in&sed into the host under protocols given in 
Examples 15, 16, 2 1, 23, 53, 54. Conjugates consisting of SAg and LBIDAs derved from fimgal, 
parasitic or mycobacterial sources are also useful for the treatment of infectious diseases such as 
tuberculosis, Idshmaniasis, tiypanosomiasis as given in Example 53. They are also useful ex vivo 
for activating a population of immunocytes with deleted (via gene knockout) or functionally 
inactivated (antisense) IRIDAs ^)ecific for bacterial, fungal, parasitic or mycobacterial antigens 
for use in adoptive immunotherapy of infectious disease (Ex^nples 51, 52, 53). 

56. Superanti^en Conjugated to Thrombospondin I and Type 1 Repeat Peptides of . 
Thrombospondin arid Other Molecules Inducing Aixiptosis of Endotiielial Cells. 

In the present invention, superantigiens are conjugated to molecules which induce apoptosts of 
endothelial cells. Superantigeris are known to induce tissue iiiflarninatiott and in the absence of 
efTeaoroeUs or thdr mediators are capable of inducing endothelial cdl injury. They are 
conjugated to thrombospondin 1 and type 1 rq)eatpq;ytides of throinbospoiidin which also induce 
apoptosisoftumorneo^^scularendothdlal cells. The native sequence 
KRPKQDGGWSHWSPWSSC or tiie modified sequence which lades tiie TGF-B activating 
sequence KRAKAAGGWSHWSPWSSC equally stimulated DNAfragmentatioa Hie basic 
residues and the WSXW motif are both recpiired for optimal activi^ The thrombospondin and/or 
the 5iq)erantigen in the conjugate may be used in nuddc acid form ThesuperantigenpolypqAide 
or nuddc add in the conjugate is enable of evoking an inflammatory response in the tumor 
mioovasculature while the thrombospondin induces apc^sis of tumor endothelial cells. 
Conjugations of polypqstides and/or nucldc adds are carried out by methods given in Example 4 
and5. The conjugates are prepared by chemical crosslinking using homo or h^robifunctional 
crosslinking agents, carbodiimide, cyanoborhydride or glutaraldehyde as given in Hermanson G. 
Bioconjugate Technology Academic Press, New York, N, Y. (1996). They are also prepared as 
fusion protdiis or phage displays according to protocols given in Examples 5 and 6^ Theyarealso 
useful in mideic add form as a chimeric SAg-thrombospondin nucleic add construct since the 
CD36 ^ne has been doned (^ler B et al., Thormb Heimost 70: 5(M)1505 (1993); Armsella AL 
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et aL, J. BioL Cbem. 269: 18985-18991 (1994). The conjugates are useful as a preventative or 
therapeutic anti-tumor vaccine according to Examples 15, 16, 18-23. They are also used ex vivo 
to produce tumor specific effector cells for adoptive immunotherapy of cancer 
(Examples 2-5, 7, 15, 16, 18-23). 

Having now generally described the invention, the same will be more readily understood through 
reference to the foDowing examples which are provided by way of illustration, and are not 
intended to be limiting ofthe present invention, unless specified. 

57. Removal of SE-Specific Antibodies with Anti-IdiotvDe Antibodies 

It is well established that naturally occurring antibodies ^secific for SEs are present in a large 
percentage of human patients. During dinical trials using a fusion protein of SEA conjugated to a 
tumor specific antibody, antibodies specific for SEA appeared in the serum. The titer of these 
antibodies ofien rose with treatment and their a{^}earance correlated with increased toxicity. 
These antibodies also imetfere with the ability of tiie SE conjugates to induce tumoricidal effects 
by biiuling to the T cell activating epitopes of SE in tiie conjugates precluding the conjugate £rom 
stimulatinga tumoricidal T cell response. The antibody-bound SE conjugates as large immune 
complexes are also readily taken up by reticuloendothelial cells and therefore diverted fiom 
targeting the tumor. 

To solve tills problem, antibodies specific for the idiotypic region of anti-SE antibodies are 
prepared by methods given in Example 57. T!^ anti-idiotype is preferably of the Ab2p 
r^culoendothelial cells which is an internal image anti-ictio^pe and has tiie capacity to mimic the 
antigen used to generate the S£-specific antibody. The Ab2Y antibody recognizes an Id within the 
anitgra binding site, a dtaracteristic similar to Ab2p but fails to exhibit biological mimicry of the 
antigen. This particular subset of anti-idiotype antibodies would be the most desireable in the 
present case as it would not fimher activate the host anti-SE response, however the others could be 
usefule as well. The anti-Ids could also be prepared in hybridoma or genetic form and used in 
vivo (via transfection of antologuous antiboc^ producing cells or implantal:^ chambers) to 
provide a contirmous amount of anti-id for the duration of use of the SE-conjugates) . 

The anti-Ids could be prepared and administered as less immunogenic FAB, FAB2\ or Fv 
fragments and humanized to avoid alloimmunization. In the case of SEB, tiie dominant B cell 
epitope is the C-tenninial region (aa 225-234) which may be used to isolate the major SE specific 
antibodies. Anti-SE idiotypic antibodies are detected and charaaerized as given in Examine 57. 
The amount of anti-idi<^ype antibody administered would be sufficient to neutralize all the 
circulating SE specific antibodies. Doses would range fiom lOOng to lOOOmg and could be 
predicted based on in vitro neutralization tests determirung the amount of antibody required to 
bind all of the antigen in a small volume of serum. When the the level of these antibodies is 
und^ectable, the SE-tumor specific antibody conjugate is administered in doses effective to kill 
the tumor. This could range fix)m2-15ng/kg-100ug/kg of SE in the conjugate. Devoid of SE 
specific antibodies to neutralize T cell activating activating activity and divert the SE conjugate 
fix>m the tumor site, tiie SE conjugate is aUe to targ^ tiie tumor in vivo and initiate a tumoricidal 
response. The prefened route of injection is intrav^ous but other pateriteral routes such as 
intr^seritoneal, intrathecal and intraturtioralrnay be usefiil as well. The preferred method of 
administration is via infiision although injection, sustained release formulations and miooinfiision 
or osmotic pomps may also be usefixl. 

58. Functional Derivatives Proteins of Peptides 

All ofthe protein and nucleic add compositions given herein are intended to encompass 
functional derivatives . Similarly, Stq^lococcalenterotoxins or superantigois are intended to 
encompass fimctional derivatives of a pcuticular superantigen or enterotoxia 
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By "functional derivative" is meant a *togment," "variant," "homologuer "analogue," or 
"chemical derivative", which terms are defined below. A functional derivative retains at least a 
portion of the function of the native proteitt monomer which permits its xxtHiXy in accordance with 
the present invention. 

A "fragmcnT refers to any shorter peptide. A "variant" of refers to a molecule s ub s t an ti ally 
similar to either the entire protein or a peptide fragment thereof Variant peptides may be 
convenientiy prepared by direct chemical synthesis of the variant peptide, using methods well- 
known in the art. 

A homologuc refers to a natural protein, encoded by a DNA molecule fiiom a different ^jedes, 
which shares a mitii"ipm amount of structure and thereby function with flie reference protein, 
Homologues, as used herein, typically share abcnit 50% sequence similarity at the DNA level or 
about 1S% sequence similarity in the amino acid sequence. 

An "analogue" refers to a non- natural molecule substantially similar to either the entire molecule 
or a fragment thereof 

A "chemical derivative" contains additional chemical moieties not normally a part of the pelade. 
Covalent modifications of the peptide are included within the scope of this inventiort Such 
modifications may be introduced into the molecule by reactii^ targeted amino add residues of the 
pq>tide with an organic derivatizing agent that is capable of reacting with selected side chains or 
terminal residues. 

The recognition that the biologically active regions of the enterotoxins, for example, are 
substantially structurally homologous enables predicting the sequence of synthetic peptides which 
exhibit similar biological effects in accordance with this invention (Johnson, L.P. et al., MoL Gen. 
Genet 203:354-356(1^6), 

A common method for evaluating sequence homology, and more importanUy, for identifying 
statistically significant similarities of the proteins, peptides and nudeic acids given herein is by 
Monte Cario analysis using an algorithm written by Lipman and Pearson to obtain a Z value. 
According to this analysis, Z>6 indicates probable significance, and Z>10 is considered to be 
statistically significam (Pearson, W.Rer. ai.„ Proc, Natl Acad ScL USA, 85:2444-2448 (1988); 
Upman, DJ. et al. Science 227:1435-1441 (1985)).. Synthetic p^des conre^nding to flie 
compositions and enterotoxins, are characterized in that they are substantially homologous in 
amino add sequence to an enterotoxin with statistically si^iiificant (Z>6) sequence homology and 
similarity to include alignn^nt of cysteine residues and similar faydropatiiy profiles. 

1. Variants 

One groiq> of variants are those in which at least one amino add residue in the peptide molecule, 
and preferably, only one, has been removed and a diffa^nt residue inserted in its place . For a 
detailed description of protein diemistry and structure, see Schulz, G.E. Prindi^es of Protein 
Structure Springjer-Verlag, New Yoric, 197S, and Creighton. T.E., 

Proteins:Structure and Molecular Properties, W.R Freeman & Co., San Francisco, 1983, which 
are hereby incorporated by reference. The types of substitutions which may be made in the protdn 
or pqitide molecule of the present invention may be based on analysis of the fiequendes of amino 
add changes between a homologous pretdn of different species, such as those presented in Table 
1-2 of Schulz et oL (supra) and Figure 3-9 of Crdghton (a^). Based on such an analysis, 
conservative substitutions are defined herein as exchanges within one of the following five groups: 

1. Small aliphatic, nonpolar or slightly polar residues: Ala, Ser, Thr (Pro, Gly); 

2. Polar, negatively charged residues and their aniides: Asp, Asn, Glu, Gin; 
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3. Polar, positively charged readues: His, kg, Lys; 

4. Large aliphatic, nonpolar residues: Met, Leu, fle,Val(Cys); and 

5. Large aromatic residues: Phe, Tyr, Trp. 

The three amino acid resiAies in parentheses above have special roles in protein architecture. Gly 
is the only residue laddng any side chain and thus imparts flexiWUty to the chain. Pro, because of 
is unusual gpometry, tightiy constrains the chaia Cys can partidpate in disumde bond^f^^ 
which is important in protein folding. T^r, because of its hydrogen bonding potential, has some 
kinship with Ser, Thr. etc 

Substantial changes in fiuictional or immunological properties are made by selecting substitutions 
that are less conservative, such as between, ratiier tiian witiun, tiie above five groups, which wUl 
differ more significanUy in their effect on maintaining (a) the stnictaire of the peptide baddwne in 
the area of the siAstitoition, for example, as a sheet or helical conformation, (b) the charge or 
hydrophobicity of tiie molecule at tius target site, or (c) the bulk of the side chaia Examples of 
such substitutions are (a) substitution of gly and/or pro by another amino acid or deletion or 
insertion of Gly or Pro; (b) substitution of a hydrophilic readue, e.g. , Ser or Thr, for (or by) a 
hydrophobic residue, e.g.. Leu, fle, Phe, Val or Ala; (c) substitution of a Cys residue for (or by) 
any other residue; (d) substitution of a residue having an electropositive side chain, e.g.. Lys, Arg 
or His, for (or by) a residue having an electronegative charge, e.g.. Glu or Asp; or (e) substitution 
^1 of a residue having abulky side chain, e.g.. Phe. for (orty) a residue not having such a ade diain. 

Most deletions and insertions, and aibstitotions according 1o die present invention are tiiMe which 
-4 do not produce radical changes in the characteristics of the i»otein or peptide molecule. However, 

p when it is difficult to predict tiie exact eCEect of tiie substitution, deletion, or insertion m advance 

m of doing so one skilled in tiie art will appreciate that tiie effect wiU be evaluated by routine 

screening assays, for exan^le direct or competitive immunoassay or biological assay as described 
hadn. Modifications of such proteins « peptide properties as redox or tiiermal stahiUty, 
hi hydrophobicity, aisceptiWUty to proteolytic degradation or tiie tendency to aggregate witii earners 

Pi or into multimcis are assayed by mefliodswdl known to tiie ordinarily skilled artisan. 

5 In tiie present invention, functional derivatives of protdns, peptides, enterotoxins or oll^ related 

toxins and nucleic acids include syntiietic polypeptides and nucleic acids charactenzed by 
sid)stantial structural homology to enterotoxin A, ent»otoxin B and Streptococcal pyrogemc 
exotoxins wifli statistically significant sequence homology and similarity (e.g.. Z>6 in tiie Lipman 
and Pearson algpritiun in Monte Carlo anafysis (see above)). 

2. Chemical Derivatives -j . 

Covalent modifications of tiie monomeric or polymeric forms of protem or pqmde fragments 
tiiereot of enterotoxins or pepdds firagments tiiereaf, or botii are induded herem. Such 
modifications may be introduced into flie molecule by reacting targeted amino acid residu«of the 
protein or pqjtide witii an organic derivatizing agent tiiat is capable of reacting with sdected ade 
chains or terminal lesidues. This may be acconndished brfore or afte polymerization. 

Cystdnyl residues most commonly are reacted witii a-haloacetates (and cotreqwnding amiiws), 
such as 2-chloroacetic add or chloioacetamide, to give carbojqrmetiqd or carboxyamidomdlqrl 
derivatives CysteM residues also are derivatized by reaction witii bromotrifluoroacetone, a- 
bromo- (S-imidozoyl)propionic add, chloroacetyl phosphate, NaDsylmaleimides, 3-mtio-2-pyndyl 



89 



disulfide. metl)yl 2-pyridyl disulfide. pcUoromercuribenzoate. 2KAlon)meicuri-4. nitrophenol, or 
chloro-7-nitrobenzo-2-oxa- 1,3-diazole. 

Histidylreridues are deriN^edl^reac^on with diethylpixxx^ 

agent is relatively specific for the histidyl side chain. Para-biomophenacyl bromide also is usefiil. 
the reaction is preferably performed in 0.1 M sodium cacodylate at pH 6.0. 

Lysinyl and amino terminal residues are reacted with succinic or other carbroqrlic acid anhydrides. 
lirix4tization with these agents has the effect of reversing the charge of the lysmyl r^dues. 
Other suitable reagents for derivatizing aD -amino^ontaining residues mdude imidoesteis such as 
methyl picolinimidate;Ryridoxal phosphate; Ryridoxal;chloioborohydride; 
trinittobenzenesulfonic add; O-methylisourea; 2.4 pentanedione; andtransammase^atalyzed 
reacti<m with glyo^grlate. 

Aromrl residues are modifiedby reaction with one or several conventional reagents, among them 
phoiytelyoxal. 2.3- botanedione, U-cyclohexanedionc, andninhydria DerivatizaUonof ar^ne 
resi(hiK requires that the reaction be performed in alkaHne conditions because of the hi^ pK of 
theguanidinefimctional group. Furthermoie. these reagpnts may react with the groups of lysine as 
well as the arginine epsilon-aniino group. 

The spedfic modification of tyiosyl residues per has been studied extensively, with particular 
imer^ introdndng spectral labiils into tyrosyl residues by reaction with aromauc dmomum 
compounds or tetranitromethane. Most commonly. N-acetylimidizol and tetranitiomethane arc 
used to form 0-ace^ ^o^l ^cs and 3-nitro derivatives, respectwdy. 

Caiboxyl side groups (aspartyl or glutamyl) are sdectively modified by readion with 
caibodamides as noted above. Aspartyl and glutamyl residues are converted to asparagmyl and 
^utaminyl residues by reaction with ammonium ions. 

Glutaminyl and aspaiaginyl residues may be deamidated to the correspontog ^utamyl and 
aspartyl residues. Altemativdy, these residues are deamidated under mildly aadic conditions. 
Ether form of these residues fells within the scope of this invention. 

Other modifications inchide lqrdro:^lation of proline and tysine, phosphorylation of hydroxyl 
BiouiK of seiyl or threonyl residues, mcthylation of the aO^amino groups of lysine, argmine, and 
sidechainsCr^. Crdghton,P>t>te//».- Structure and Molecule Properties W.H. Freeman 
& Co.. San Francisco, pp. 79^ (1983)). acdylation of the N-tcnninal amine, and. m some 
instaiKes. amidation of the C4erminal caitoxyl groups. 

Such derivatized moidies may improve the solubility, absorption, biological half Itf^ and the like 
The moidies may ahematively eliminate or attenuate any undesirable side effed of the protem ana 
the like Moidies c^ble of mediating such effects are disdosed. for examine, m Remington s 
Pharmaceutical Sdences. 16th ed. Mack Publishing Co., Easlon, PA (1980). 

Example 1 

Pre paration of F- ^^iA, w Malrin p ONA Templates for any Gene of Interest 
and the Prp <^ Transfection 
Mammalian oncogpnes, ami genes for oncogpnic tramscription fedors. anffogenic fiidors, growth 
fiu^tor receptors and ampUcons as weUasbaderial and SAgplamu&andDNAa^^ 
describedinthetextrefaences. Whennecessary.theyaremodifiedtofotms^^^ 
txansfedion into mammalian timor cdls or accessory cells using mdho* wdl described m the 
^ (pM PW nl , Prinri ples of fi ftne Manmulation. Sth Ed.. Blacfcwdl 1994). 

As a representative S Ag, enterotoxin B plasmid DNA is prepared by the method of Jones CL et 

90 



a/., J. Bacteriology 166 29-33 (1986) and Ranelli et ai, Proc. NatJ. Acad Sci. USA 82:5850-5854 
(1985) using the CsCl-ethidium bromide density gradient centrifiigation of cleared lysates as 
described (Clewell, DB et al, Proc. NaU. Acad. Sd. USA 62-1159-1166 (1969)). S. aureus 
chromosomal DNA was isolated as described by Betfey M et al, Proc. Natl. Acad Sd. USA 81: 
5179-5183 (1984). E, co// HBlOl was transformed with plasinid DNA by the CaC12 procedure of 
Morrison DA a/., Me/A. Enzymoi. 68:326-331 (1979). Restriction digests were analyzed by 1% 
agarose and 5% acrylamide gel electrophoiesis using Tris /Borate/EDTA bufifer as described in 
Greene PJ et al , Methods Mol. Biol. 7: 87-1 1 1 (1974). Additional methods for isolation and 
cloning of specific bacterial and mammalian plasmid DNA useful in tumor or accessory cell 
transfection arc cited in references given previously in the text or in Sriyder hetai. Molecular 
Genetics of Bacteria, ASM Press. Washington, D.C.(1997); Peters a/., swpra; Franks a/., 
supra. 

Suitable template DNA for production of mRN A encoding a desired polypefrtide may be pnepared 
using standard recombinant DNA methodology as described in Ausubel F et aL Short Protocols in 
Molecular Biology 3rd Ed. John Wiley, New York, NY (1995). There are numerous available 
cloning vectors and aiiy cDNA containing an initiation codon can be introduced into the selected 
plasmid and mRNA can be prepared ftom the resulting template DNA. The plasmid cari be cut 
with an appropriate restriction enzyme to insert any desired cDN A coding for a polypeptide of 
interest For example the readily available doning vector pSP64T can be used after linearization 
and transcription with SP6 RNA polymerase. Smaller sequence may be inserted into the HiiKl 
III/EooTIfiaginentwithT41igase. Resulting plasmids are screened for orientation and 
transformed into £. co//. These plasmids are adapted to receive aiQ^ gene of interest at a unique 
Bgin restriction site which is placed between the twoXenopus b-globin sequences. 

Subcloning of SEB into pHb-Anr-l-neo expression vector 

The St^hylococcal enterotoxin B (SEB) gene has been subdoned into pHtvApr-l-neo e>q)ression 
vector. The final construct contained only the coding sequence of SEB and conferred resistance to 
ampicillin and G-418. 
Materials and Methods 
PGR: 

1. The following two (miners are designed and made at Life Technologies, Inc.: 

Primer SEBl : total 24 bp 5' to 3* GGC.GTC.GAC. ATG.TAT. AAG. AGA.TTA 
SaUsite 

Primer SEB2: total 24 bp 5* to 3' GCC.GGATCC.TCA.CTT.TTT.CTr.TGT 
BamiHIsite 

Both prints were dissolved in filter-sterilized ddH20 to a final concentration of 20 mM (stock 
solution). 

2. The volume (in ml) of reagents for each PGR reaction is listed below: 



Reagpnt 


Exp. 1 


Exp. 2 


Exp,? 


Exp. 4 


Exp. 


ddH20 


76 


72 


67 


49 


59 


10 X PGR buffer 


10 


10 


10 


10 


10 


10XdNTP(2mMstock) 


10 


10 


10 


10 


10 


Primer SEBl (20 mM stodc) 


1 


5 


1 


10 


10 


Primer SEB2 (20 mM stock) 


1 


1 


1 


10 


10 


SEB Template (50 mg stock) 


1 


1 


10 


10 


0 


PfuTuiboEnz 


1 


1 


1 


1 


1 


Final Vohime 


100 


100 


100 


100 


100 



3.The following cycling parameters were ap^ed 
95^C 1 minute 1 cycle initial denature 
95''C 45 seconds denature 
5TQ 1 minute 20 cydes aimeal 
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72*C 1 minute extension 

72°C 1 minute 1 cycle final extension 

4°C hold 

4.To verify that the PGR reactions yielded the correct size fiagment, 10 ml of the reaction mixture was 
electxophoresed on a 1 % agarose g^l in 1 X TAE buffer. 

Vector 

1. The pHb-Apr-l-neo expression vector was spotted the vector on a filter paper. See Figure 1 

2. To recover the DNA, the circle was cut out and added to 100 ml 0fH2O to allow rehydration for 5 
minutes. After a brief centrifugation, the supernatant was used to transform K coU XLlBlue (Stratagene), 
and selected by ampidllin (final oonoentration 100 mg/ml). 

3. To verify that the vector is correct, 4 ampRdones were randomty selected and thecloneswere 
cultured in LB amp media. DNA was isolated and digested with Sail. BamHl (single digest) and 
EcotRI/Hindm (<k>uble digest). The digested products were electit^horesed on a 1 % agarose gel in IX 
TAE buffer. The profile ofthe reaction digest confirmed that the vector is correct 

Cloning and Verification * c 

1. The correa PCR firagments in experiments 2, 3, and 4 were pooled and ^l-purified. A portion of 
the fiagments was digested with restriction enzymes Sail and BamHI, and was ligated into the 
digested |M>-Ai»-l-neo expression vector. The ligation [xoducts wore transformed into E, coH 
XLlBlue (StiHt^ene). Insert containing clones were selected by an^dUin. 

2 . Ten ampicilUn resistant dones were randondy selected, cultured in 5 ml of LB amp media, and 
their plasmid DNA was isolated. Insert containing clones (SEB construct) were verified by 
digesting the DNA with Sail and BamHI restriction endonuclcases and dectrophoresis at 0.»% 

agarose geL (Figure 2) ^t- u ^ 

3. One of the SEB constructs (done #2) was verified by sequendng and aligned with the pubhsh^ 

SEB sequence (Figure 3). 

Purified DNA templates from bacteria and human cells are prepared for introduction of plasmid 
into human and bacterial cdU by additional methods given in AusubclFer a/., ^pra. The 
plasmid DNA is grown up in coU in am^Ncillin containing LB medium. The cells were then 
pelleted by spinning a 5000 rpm for 10 min. at 5000 rpm., resuspended in cold TE pH 8.0, 
centrifugcd again for 10 minutes, at 5000 rpm., resuspended in a solution of 50mM glucose, 25 
mM Tris-CI irfl 8.0, lOmM EDTA and 40 mg^ml lysozyme. After incubation for 5-10 min, with 
occasional inversion, 0.2 N NaOH containing 1% SDS was added, followed after 10 minutes at 
0°C with 3 M potassium acetate and 2 M acetic add. After 10 more minutes, the material was 
again ceiitrifuged a 6000 iiMn, and the supernatant was removed with a inpet The pellet was then 
mixed into 0.6 vol. isopropanol (-20°C), mixed, and stored at -20*>C for 15 minutes. The material 
was then centrifuged again at 10,000 rjmi for 20 min., this time in an HB4 singing bucket rotor 
^apaiatus after which the supernatant was removed and the pellet was washed in 70% EtOH and 
dried at rocmi temperature. Next, the pellet was resuspended in 3.5 ml TE, followed by addition of 
3 .4 g CsCl and 3 50 1 of 5 mg^ml EtBr . The resulting material was placed in a quick seal tube, 
filled to the top with mineral oil The tube was q)un for 3.5 hours at 80,000 rpm in a VTi80 
centrifuge. The band was rernoved and the material was centrifuged again making up the volume 
with 0.95 g CsCl/ml and 0. 1 ml or 5 mg^ml EtBr/ml in TE. The EtBr was thai extracted with an 
equal volume of TE saturated N-Butanol after adding 3 volumes of TE to the band. Next,2.5voL 
EtOH was added, and the material was iwecipitated at -20°C for 2 hours. The resultant DNA 
precipitate is used as a DNA template. 

Transfection of B16F10 melanoma cells 

G418 sensitivity: B16F10 melanoma odls (B16s) were first tested for sensitivity to G418 which will be 
used as the selectable maifcer. At 400 ug^mL G4 18, B16s did not survive, while 200 and 300 ug/mL 
allowed some survival 
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Transfection: , . ^ _^ . *u 

Upofectanune was used to produce stably transf^ The conditions for transfecuon were those 
described protocol provided by Life Technologies, B 16s were plated at 4 x 105 ceUs/ weU in 6 wdlplates, 
usingMurineConrpleteMedium(MCM)describedinReport2. Cells were cultured overnight Qptoal 
density is 50-80% confluent and is usually achieved by 18-24 after seeding at 1-3 x 105 cells/well DNA 
sources consisted of SEB-G418 resistance containing vector, vector DNA with G4i8 resistance only, 
and control DNA from PSK40I (no G418 resistance marker). DNA concentrations were determined for 
the SEB containing and control vectors. 

DNA source A260 DNA fug/ml) 
SEB 0.09 0.45 

Vector only 0.13 0.65 
PSK 4010.15 0.75 

• 

Upofectamine solutions and DNA solutions were prepared in 12 x 75 mm tubes, using OPTl-MEM (Life 
Technolt^es 31985). DNA solutions contained aK»oximatcly 2 ug in 100 uL OPTI-MEM; the 
UPOFECTAMINE Reagent was diluted by adding 6 or 12 uL to OFH-MEM at a final volume of 100 uL. 
Tlie solutions were mixed and hdd at room temperature for 30 minu^ Specific DNA and Lipofectamine 

conditions were as follows: 

O Plated cells were rinsed om» with 2 ml/well Oim-MEM. To the above tubes, 0.8 mL OPTI-MEM. This 
5 mixture was then overiayed onto the washed cell monolayers according to the above well designations. 

J Cells were incubated for 5 hours at 37**C in 5% C02. Murine Complete Medium with 20% FBS but no 

in antibiotics was then added at 1 ml/wdl. Cultures were refed with standard MCM, at 3 mlVwell, after 24 

hours. Three days after transfection, cells from each transfection condition were subculture 
the total cell suspension 90:10 into 150 mm plates (one plate received 90% of the cell suspension, the other 
r=i received the remaining 10%). 

G418 selection 

All plates were refed at 6 days after transfection with medium containing 400 ug^mLG418. Plateswere 
refed every 2 to 3 days with CW18 containing medium until day 17 after transfectiotL Nogrowthwas 
U obsMved in wells 1-4 as expected. Plates initiated with 90% of the cdl suspension and showdng growth 

Li were harvested, fimen, and stored at -80 C. 

=== 

y Primarv subcloning 

C3 Ten colonies were selected firom each well for wells 5, 7, 9, and 11. Subcloning was aoconqslished by the 

use of cloning cylinders as Mows: After seating the cylinder, medium was aspirated and the isolated 
colony was washed once with 100 uL of warmed trypsin-EDTA. This was aspirated and replaced with 
fteshtyrpsin-EDTA After incubation at 37oC for 2 minutes, the cells were recovered by trituration and 
transferred to a tube containing 1 ml MCM, then replaied by addition of 20 uL (rf cell suspension to 15 mL 
MCM with G418 in 1 50 mm plates. The remaining cell suspension was plated into 24 well plates, 4 
welWclone and all plates were maintained at 37**C, 5% CQ2. The 6 well plates wrere used to assess SEB 
Avpr^ccinn nn thft rftU ciirface iLs dcsrihed under Detection of po sitive clones. 

Secondarv and tertiary subcloning and rgeparation of frozen stocks 

These and all subsequent procedures were performed by me. Secondary subcloning was performed as 
above at 7 days after initiation of primary subclones. One colony/plate was selected for ftirther subcloning 
(a total of 40 colonies) Tte cell suspension was prepared in a total volume of 1 mL; 100 uL was replatcd 
into 100 mm plates containing 10 mL MCM with G418. The remaining cell suspension was plated in 96 
well plates at 100/well, 2 replicates for assay. TTie 96 well plate was uscdfor detection of intracellular 
ftYprftgginii nf SRB desrihed mider Detection of positive clones. 
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Primaiy subcl ning plates were cultured ne additional day, then harvested, frozen, and stored at -80 C. 
These frozen stocks are designated primary subclones. Secondary subclones were refed after 4 days. Of40 
secondary clones, 36 regrew. Tertiary subdoniug was performed after 8 days and frozen stocks of 
secondary dones were prepared after 9 days. Tertiary clones were refed after 3 days in culture aiKi 
subcultured after 7 days in culture. PUiles were harvested, cells were resuspended in a total of 1 mL, and 
rqjlated by addition of 100 uL of the cell suspension to 100 mm plates with 15 mL MCM or 100 uL/well in 
a96 well plate. Fnxzenstocksof tertiary clones were pr^iared 

Generation of conditioned mediimn for assay of supematents 

After 7 days, 1^M> mm plates of tertiary clones were again replated. This time, cell counts were performed 
and 4.5 x 10^ cells were plated in 12 well plates, one well/clone. The remaining cell suspension was frozen 
and stored at -80 **C . After 4 day s in culture, supematents were harvested, stored at 4oC, and the ceD s were 
rcplated into 100 mm plates. Supematents were obtained from the 100 mm plates after 7 days in culture. 
Sec Detection of positive clones. .Frozen stocks were also generated tcom these plates. 

Devdomnent of ELISA with HRP RaMrit anti-SEB. 

Final ELISA conditions were as follows: 

Assay Plate ProBind (Falcon #3915) 

Capture AntibodyRabbit anti-SEB (Toxin Technologies # LBI202), 10 ug/mL 

in PBS, 50 uL/weU, 1 hr. RT 

Wash 3X with 0,1% casein, 0.1% Tween 20 in PBS 

Bloddng 1% casein in PBS, 250 uLAvell, overnight, 4oC 

Antigen St^matant used neat or SEB diluted in PBS, 50 

uLAvdl,2hr,RT 

Wash As above 

Primary Ab HRP Rabbit anti-SEB (Toxin Technologies # LBC202), 

1/300 inblodcbuffer,50 uL/wdl, 2 hr, RT 
Substrate OFD, 2.5 mg/mL in dtrate buffer, pH 5.0, 0.03% H^O^, 

lOOulAvell, 15min,RT 
Stop 4 M H2S04, 100 uUweU 

Read-out OD 490 nm 

Results: SEBprodiK»d a dose response airve(hnear range 60 fg- 60 pg/mL) and the backgrounds^ 
very low. Vector only dones Induced only hadcground signals. One SEB transfected clone produced a 
strong signal, three produced moderate signals, and one other produced a weak but definite signal 



OD490nm 







SEB+ 




Vector onlv 




1 


2 


mean 


1 


2 


mean 


9.1 


0.097 


0.112 


0.104 


0.079 


0.102 


0.091 


9.2 


0.127 


0.123 


0.125 


0.081 


0.076 


0.078 


9.3 


0.109 


0.104 


0.106 


0.087 


0,070 


0.079 


9.4 


0.444 


0.393 


0.418 


0.077 


0.077 


0.077 


9.5 


0.163 


0,087 


0.125 


0.075 


0.074 


0.074 


9,6 


0,516 


0,522 


0.519 


0.066 


0.064 


0.065 


9,7 


0.087 


0.091 


0.089 


0.096 


0.084 


0.090 


9.8 


0.386 


0.450 


0.418 


0.080 


0.071 


0.075 


9.9 


0.137 


0.122 


0.130 


0.071 


0.070 


0.071 


ILl 


0.083 


0.075 


0.079 


0.068 


0.078 


0.073 


11.2 


1.847 


1.802 


1.824 


0.063 


0.076 


0,070 


11.3 


0.071 


0.077 


0.074 


0.076 
94 


0.074 


0.075 



11.4 

11.5 

11.8 

11.9 

11.10 

11.10 



0.087 
0.161 
0.221 
0.080 
0.290 
0.268 



0.084 
0.220 
0.100 
0.091 
0.254 
0.263 



0.086 
0.191 
0.160 
0.085 
0.272 
0.265 



0.083 
0.092 
0.080 
0.077 
0.081 
0.093 



0.085 
0.086 
0.081 
0.072 
0.112 
0.114 



0.084 
0.089 
0.080 
0.074 
0.097 
0.103 



Based on the the SEB standaid curve, the following oonoentratians were derived 



gone numberfpp^) 



SEB 



11.2 

9.6 

9.4 

9.8 

11.10 



4.146 
0.152 
0.118 
0.118 
0.081 



Cells are tiansfected ex v/vo orinvivo and implanted in a cancer-bearing host. These transfected 
cells are also used to stimulate host lymphocytes ex vivo. Once activated, the lymphocytes are 
administered to the host The ex vivo or in vi7>/? introduction of DNA into cells is accomplish^ 
by methods that ( 1 ) form DN A precipitates which are internalized by the target cell; (2) create 
DN A-containing complexes with charge characteristics that are con[q5atible with DN A uptake by a 
target cell; or (3) result in the transient formation of pores m the plasma membrane of a target cell 
exposed to an electric pulse (these pores are of sufficient size to ^low DN A to enter the targ^ 



Generally, two fectors determine the method used: the duration of expression required (i.e., 
transient versus stable ejqwession) and the ^peofcell to be transfected. The specific details of 
exemplary procedures are described herein. Transfections are carried out by well established 
methods including calcium phosphate precipitations, DEAE Dextran transfection, and 
dectroporation. 

Calcium Phosphate Pr^pitqtipn 

A commonly used ex vivo and in vitro method to transfer DNA into recipient cells mvolves the co- 
predpitation of the DNA of interest with calcium phosphate. With this technique, DNA enters the 
cell in sufficient quantities such that the treated cells are transformed with relatively high 
fiequency. Usingavarietyof cell types, transfection cffidehcies of up to 10-3 have been 
obtained. This is the method of choice for the gjcneration of stable transfectants. 

Variations of the basic technique have been developed If the transfection involves the transfer of 
plasmid DNA, then high molecular weight genomic DNA isolated from a defined cell or tissue 
source can be included. The addition of sudi DNA, called cairiM- DNA, often increases the 
efficiency of transfection by the plasmid DNA. lQ)on arrival of the plasmid DNA/canier 
DNA/calcium phosphate co^srecipitate to the nucleus of the treated cell, the plasmid DNA 
integrates into the carrier DNA, often in the tandem array, and this assembly of plasmid and 
carrier DNA, called a transgenome, subsequently integrates into the chromosome of the host cell. 

Anotho- pnx;edural option is the addition of a chemical shodc step to the transfection protocol. 
Either dimethylsulfoxide or glycerol are appropriate. The optimal concentrations and lengths of 
treatment vary according to cell type. The use of these agents dramatically affect cell viability and 
can be opthnized as described elsewhere [Chen and Ocayama, Mol. CeU. Biol. 7:2745 (1987)]. 
Specifically, incubation of cells with the oo-precipitatc is optimal at 35^C in 2-4% CQ2 for 15-24 
hours. In addition, circular DNA is more active than linear DNA and a finer precipitate is 
c^jtained when the DNA concentration is between 20-30 mg/tal in the precipitation mix. 



cell). 



95 



It is noted that incubator temperature, C02 concentration, and DNA concentration can be varied 
to obtain the desired result. In addition, the ternperature and C02 concentrations described below 
ate not optimal for cell growth and should be maintained only temporarily. 

Method 

Day I: 1.3 x 10^ cells are seeded per 100-mm dish. Cells are about 75% confluent when used to seed the 
dishes. 

I>ay2: A large caldum phosphate cocktail rnixture to transfectmai^pla^ 

This protocol is given for Irnl (or IxlOO-rnm dish equivalent) of solution These amounts are 
scaled up as necessary, allowing for an.appropriate amount of sample-transfer errors. Adherence 
to sterile technique is critical Sterile reagents, tips, and tubes are used 

1 . Add 1-20 g DNA (1 mg/ml in sterile TE, 10 mM Tris-HCl 1 mM EDTA pH 7.05) to 0.45 ml 
sterile H20. Note: First "sterilize^ DNA by ethanol precipitation with NaCl (0. IM final aqueous 
concentration) and 2x volume 200% ethanol. 

2. Add 0.5 ml 2xHEPES buffered saline. Mix well 

3. Add 50 ml of 2.5 M CaC12, vortex immediately. 

4. Allow the DNA mixture to sit undisturbed for 15-30 minutes at room temperature. 

5. Add 1 ml of the DNA transfection cocktail directly to the medium in the 100-mm dish (plated with 
cells on day 1). 

6. Incubate the dishes containing the DNA precipitate for 16 hours at 37°C. Remove the media 
containing the precipitate aiul add fresh oon^)lete growth media. 

7. Allow the cdls to incubate for 24 hours. Post-incubation, the cultures can be split for s»*sequcnt 
selection. Split cultures 1:5; however, to isolate individual colonies for further analysis, split 
cultures 1:10 and 1:100. 

DEAE Dextran Transfection 

TVpicaUy,DEAEdextrantransfixtion is used to transiently transfectcelU Thismethod 
is highly efSdent and the DNA/DEAE ^xtran mixture used for transfection is relatively easy to 
prepare. ForcKainple, thisrnethodyiddsttaiisfectionefifidenciesQfashi^ DNA 
introduced into cells with this iir^hod, however, appears to undergo ttuitations at a M 
that observed with calcium pho^shate-mediated transfection. 

Method 

Briefly, a DEAE dextran mixture is prepared and the DNA sample of interest is added, mixed, and 
then transferred to tl^ cells in culture. 

4 * 

Dayl: CeUsareseededataoonoentrationof 2x 10 oells/cm2inatotal volumeof2 mlAvdl(h92x 10 
cellsAvellofa six-well cluster dish). Cellsshouldbeabout 75% confluent when used to seed the 
dishes. 

Day2: Resuspend 0.5 ml DEAE Dextran in Tris-buflfered saline (TBS). 

Final DEAE Dextran concentration should be about 0.04%. Observe cell monolayers 
microscopicaily. Cells should appear about 60-70% oonfluent and well distributed Bring all 
reagents to room temperature. A^>irateofifgrowth media and wash monolayer once with 3 rnl of 
phosphate buffered saline (FBS), followed by one wash with 3 ml of TBS. As^rate off TBS 
solution and add 100-125 ml of the approjmate DNA/DEAE-Dextran/TBS mixture to the wells. 
Incubate dishes at room teriqserature inside a laniinar flow hood. Rock the dishes every 5 mitmtes 
for 1 hour, making sure the DNA solution covers the cells. After the 1-hour incubation period, 
asfdrate offthe DNA solution andwashorice with 3 nil ofTBS followed by 3 ml of PBS. Remove 
the PBS solution by aspiration and replace with 2 ml of complete growth media containing 1 00 M 
chloroquine. Incubate the dishes in an incubator set at 37°C and 5% CQ2 for 4 hcmrs. Remove 
the media containing chloroquine and replace with 2-3 ml of complete growth media (no 
chloroquine). Incubate the transfected cells for 1-3 days, after wMch the cells wiU be ready 
analysis. The exact incubation period depends on the intent of the trarisfectioxt Optimal 
e7q>ression tyirically occurs at 3day5 post-transfectioa 

Electrorx)ration 
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Electroporation is a piocess whereby cells in suspension are mixed with the DNA to be 
transferred This cell/DNA mixture is subsequently e?q)Osed to a high-volt^ electric fi^^ This 
creates pores in the membranes of treated cells that are large enougji to allow the passage of 
maciomolecules such as DNA into the cells. Such DNA molecules are ultimately transported to 
the nucleus and a subset of these molecules are integrated into the host genome. The reclosing of 
the membrane pores is both time and temperature dependent and thus is delved by incubation at 
0®C, therd3y increasiDg the probability that the molecule of interest will enter the cdl. 

Electroporation appears to work on virtually every cell type. With this technique, the efficiency of 
nucleic acid transfer is high for both transient transfection and stable transfectioit One important 
technical difference between electroporation and other competing technologies is that the number 
of input cells required for electroporation is considerably higher. 

Method 

1 . Harvest exponentially growing cells such as tumor cells or accessory cells by trypsinization, 
pellet, and wash twice with electroporation buffer (Kriegler, M. Gene Transfer and Expre^on, 
W.H. Freeman and Co., New York, NY (1991)). 

2. Resuqpeiid ceUs in electroporation buffer at a concentration of 2-20 X 10 cells/ml in an 
electroporation covette. 

3 . Add 5-25 mg of DNA that has been linearized to the cell suspension 

4. Ins^ or connect the electroporation electro^ according to the manufacturer's instructions and 
subject oell/DNA niixture to an electric field (pulse). 

5. Retunicell/DNA mixture to ice and incubate for 5 minutes. 

6. Plate cells in non-selective medium Biodtemical selection may be carried out 24-48 hours later. 
Lipofectamine 

In vitro cell transfections can be done in 12-well plates, using 3.0 g plasnud DNA and 
Lipofectamine (GIBCO BBLX at 2r*C for 4 hours. After transfection, the ceUs are cultured in 2.0 
ml complete medium for 48 hours and the cells are harvested. The cells are then washed in PBS. 
Stably tiansfected Chinese hamster ovary (CHO) and B 16 lines are isolated by selection in 1 .0 
mg^ml G418 (GIBCO BRL). Cells are grown and passaged in medium containing G418 for 3A 
weeks Mock transfected cdl lines (cells transfected with vector only) are used as controls. 

yiralVectgrs 

Recombinant viral vectors containing the nucleic add of interest can also be used to introduce 
nucleic acid into a cdl er vivo or in vitro. It is noted that viral vectors are also used to transfect 
cellsiMv^vo. These viral vectors can be DNA virtises such as herpesviruses, adenoviruses, and 
vaccinia viruses or RNA viruses such as retroviruses. The method and materials required to 
produce and use these viral vectors ex vivo, in vitro^ and in vivo are conmionly known in the art 
and are used in the iirvention described herein (Sambrook, J.et al,, supra), 

SelepMQn 

Regardless of the method used to transfect a particular cdl type, stably transfected cells are 
identified as follows. The DNA ofinterest contains a sdectaUe marker. TVpically, a selectable 
marker encodes a polypq^de that confers drug resistance and the DNA containing this resistance 
conferring tmcleic add is transfected into the recipient celL Post transfection, the treated cells are 
allowed to grow for a period of time (24-48) hours to allow for efiident expression of the 
selectable marker. After an ai^ropriate incubation time, transfected cells are treated with media 
containing tl» concentration of drug appropriate for the selective survival and expansion of the 
transfected and now drug resistant cells. 

Mariy drug as well as non-drug sdection methocb are known in the art aiKl can be used in the 
invention described hereia For example, a detailed description ofcunently available drug 
sdection strategies is provided in Kriegler ML , Gene Transfer and Expression, A Laboratory 
Manual, W.H. Freenan and Co. New Yoric, NY pp. 103-107 (1991). 
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Sixteen hours after transfection, the transfected/infected cells are fed with firesh, non-selective 
media. Twenty-four to forty-eight hours later, the cultures are split to a 1:5 or greater dilution and 
plated in drug-containing media. It is noted that cells are not placed in drag-containing media 
immediately after transfection in order to allow a suflBdent amount of time for the drug resistance 
nucldc add to be e?q>ressed and thm confer the dnig resistant phenotype. Cell cultures are re-fed 
with drug-containing media every three days, at which time cultures are examined under a 
microscope to determine the efiSdency of drug sdection. 

Site-Directcd Mutagenesis bv Polymerase Chain Reaction : 
Introduction of Restriction Endomiclease Sites bv PGR 

PGR is the preferred method for introducing any dedred sequence change into th^ The 

basic protocol is as follows: 
Materials 

DN A sample to be mutagenized, pUC 1 9 plasmid b vector or similar high-cqpy number plasmid having 
M13 flanking primer 

500 ng^ml (lOOpM/ml) flanking sequence primers incorporating the restriction enzyme site 
TE buffer 

lOx amplification buffer 
2mM4dNTPmix 

500ng/ml (lOppM/ml) M13 flanking sequence primers: forward (NEB) and reverse (NEB) 

5 U/ml Taq DN A polymerase 

Miueraloil 

Chloroform 

BufTered phenol 

100%ethanol 

Appropriate restriction endonudeases 
500ml miaocentiiftige tube 
Automated thermal (^der 

L Subdone DNA to be mutagenized into high-copy mmiiber vector using restriction sites flanking 
the area to be mutated. 

2. Prepare template DNA by plasmid miniprep. Resuspend 100 ng in TE buffer to 1 ng/ml final. 

3. Synthesize oligonucleotide immers and purify by denaturing polyacrylamide gel electrophoresis, 
Resuspend oligonucleotides in 500 ITE buffer. Determine absorbance at A260 and adjust to 
500ng^ml. 

4. Combine the following in eadi of two 500 1 microcentrifuge tubes, adding oligonudeotides 1 and 
2 to separate tubes: 

10 ml (10 ng) ten^late DNA 
10 ml lOx amplification buffer 
10ml2mM4dNTPnux 

1 ml (500 ng) oligonudeotide 1 or 2 (lOOpM final) 

1 ml (500 ng) ai:propriate M 13 flanldng sequence primer, ^ 

H20to99.5ml 

0.5 ml Taq DNA pdynoerase (5U/ffll) 
Overlay reaction with 100 ml mineral oil. 

5. Cany out PGR in an automated thermal cycler for 20 to 25 cycles under tiie following 
conditions: 

45 sec 93*^C 
2min 50*'C 
2min 72*'C 

After last cyde. extend for an additional 10 min at 72°C. 

6 . Analyze 4 1 by nondenaturing agarose or occurrence gd electrophoresis to verify that the 
amplification has yidcted the predicted product 
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unique chimeric oligonucleotide has been developed This ctamenc molecule fas demon^«i 
hSer recombmogenic activities than identical oligonucleottdes contauung only DNA «adues. 
bo^ in vitro and in vivo. The chimeric molecule is designed to hybridize to a target ate withm the 
genome and induce a single base mismatch at the residue targeted for mutatoon. The DNA 
^cture created at this site is recognized by the host cell's repair system which mediates toe 
Sonreactioa For example, the bcr-^ fusion gene, the product of a Uanslo^onb^ 
human chromosomes 9 and 22. and the cause of chronic myelogenous leukemia (Ofl.) can be 
targeted for gene correction. Fusion genes or mutations which abound m cancer cdls are 
Sent targets for correcUonespedallyif(l)they are uniqiie and are reco^ 
system as dominant or subdominant epitopes. (2) they are a single copy target; (3) the DNA 
sequence of the fusion gene or mutation is unique. The goal of such expenmente is to kno^t 
the fuaon gene by changing an amino add codon into a stop codon through a chi^^ 

DNA repair system. 

Tj,r^^ pffnft rr^rrPfiUnn of enisomiil DNA in m a mmalian cells mediated bv a chimeric RNA/DNA 
ohfionucleotide fecilitate coirection of singje^ase mutations of episomal targets in 

mammalian ceUs has been developed. The method utilizes a chimeric oUgonucleottde oompos«sd 
of a contiguous stretch of RNA and DNA residues in a duplex conformation with double haiipm 
caps on the ends. The RNA/DNA sequence is designed to align with the sequence of the mutant 
looB andto contain the desired nucleotide change. Activity of the chimeric molecule m targeted 
correction is used in a with the aim of correcting a point mutation in the gene encoding toe 
human Uverrt»neflddney alkaline phosphatase. When the chimeric molecde is uitroduced mto 
ceUs containing the mutant gene on an extiachromosomal plasmid, correction of the pomt 
mutation is accomplished with a ftequency approaching 30%. These results extend die usefulness 
of the oUgonudeotide^ased gene targeting approaches by increasing specific targptmg fiequency. 

The site directed mutagenesis is used to cany out using the chimeric DNA/ RNA structure irfnch 
enables the construct to target tumor cells in vivo andin vitro. Such targeting structur^ mdude 
target seeking moieties and can in principle be any structure that is able to bmd to a ceU surfece 
structureorfliatbindsviabiospedficafBni^. The target seeking moiety is primarily a di^ 
specific structure selected among hormones, antibodies, giowtii factors. The Wospecific affinity 
counterpart may indude inteileukins (especially interleukin-2) antibodies (fiill lengtii antiTw^. 
Fab F(ab'2 Fv, single diain antibocfy and any otiier antigen binding antibody fragments (such as 
Fab) directed to a cells sur^ eptope or more preferably towards the binding epitq* forthe a 
specific antibo«fy. They may also include polypeptides binding to die constant domins of 
iminunogldJulins(«.g.,protdn A and G and L). lectins. streptavidin.biotin etc. Theterm 
antibodies comprises monoclonal as weU as polydonal preparations. The tai^eting moiety may 
also be directed toward unique structures on more or less healtiiy cells that regulate or control the 
devdopment rfa disease, or Ugands for specific receptors on tumor cdls). The targeting strurture 
may be a micldc add, Upid or carbohydrate and variations thereof whidi target receptors on tiie 
diseasedcdl. The targeting is not confined to diseased cdls but m^ indude additional normal 

cells as well. 

Synthesis and Pu rification of Oligonucleotides. . . • *v ,nnrt4™vu«,T^ 

The chimeric oligonucleotides are synthesized on a 0.2-mol scale by usmg tiie lOOOA-wide-pore 
CPG on the ABI 394 DNA/RNA synfliesizer. The exocydic amine groups of DNA 
phosphoramidites (Applied Biosystems) are protected with benzoyl for adenosine and cytid"* 
isobutyryl for guanosine. The 2'-0-methyi RNA phosphoramidites (Glen Research, Sterlmg, VA) 
are protected witii a phenoxyacetyl group for adenosine, dimethylfijrmamide fijr guanosme and an 
isobutyr^ group for cytidine. After tiie syrthesis is oomirfete, the base-protectmg groups are 
removed heating in etiianol/concentrated ammonium hydroxide, 1:3 (vol/vol), for 20 hat 55 C. 
The crude oligonudeotides are purified by polyaciylamide gd dectrophoresis. The entire 
oUgpnudeotide sample is ntixed wiUi 7 M urea/10% (volAwl) glycerol, heated to TO'C. and loaded 
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on a 10% polyaciylaimcte gel containing 7 M urea. After gel electrophoresis, DNA is visualized by 
UV shadowing, dissected ftom the ^ crushed, and elated ovemig^it in TE buffer ( 1 0 mM Tris- 
HCl/1 mMEOTA,pH7J)Mith shaking. The eluent containing gel pieces a^ 
0.45.um {pore size) spin filter (MiUipoie) and precipitated with ethanoL Samples are farther 
desalted with a G-25 spin colunm (Boerhinger Mannheim) and greater than 95% of the purified 
oligonucleotides are found to be full length. 

Transient Transfection and M easurements of ActivitY 

CHO cells were maintained in Dulbecco's modified Eagle's medium (DMEM) (BRL) contammg 
10% (vol/vol) fetal bovine scrum (FBS; BRL). Transient transfection is carried out by addition of 
10 g of the plasmid with 10 g of Lipofectin in 1 ml of Optimem (BRL) to 2 x 10 CHO cells in a 6- 
well plate. After 6 h. various amounts of oligormcleotide is mixed with 10 g of Lipofectin in 1 ml 
of Optimem and added to each well. After 1 8 h, the medium is aspirated and 2 ml of DMEM 
containing 10% FBS was added to each well. Histochemical staining was carried out (19), 24 h 
after transfection of the oligonucleotide. Spectrophotometric measurements are carried out the 
ELBA amplification system (BRL). Transfection is carried out in triplicate in a 96-well plate. The 
amounts of reagents and cells are 10% of that used for the 6-weU plate. Cecils were washed three 
times with 0. 15M NaCl and lysed in 100 ml of buffer containing 10 mM Nad, 0.5 Nonidet P-40, 
3 mM MgC12, and 10 mM Tris-HQ (pH 7.5), 24 h after transfection with chimeric 
oligonucleotides. A fiaction of cell lysates (20 ml) incubated with 50 1 of ELISA substrate and 
50ml of ELISA amplifier (BRL), the reaction is stopped by addition of 50 ml of 0.3 M H2S04 
after 5 mincfincubation with amplifier. Theextentof reaction is carried out within the linear 
rangp of the detection method The absoibance is read by an ELISA plate reader (BRL) at a 
wavelength of 490 nm. 

Hirt DNA IsolatioiL Colony Hybridization, and Direct DNA Sequencing of PGR Fragments 

The cells are harvested f(x vector DNA isolation by a modified alkaline lysis procedure, 24 h after 
transfection with the chimeric oligonucleotide. Hirt DNA is transformed into Escherichia coli 
DH5a cells (BRL). Colonies fiom Ifirt DNA are screened for specific hybridization for each probe 
designed to distinguish the point mutatioa Colonies were grown on ampicillin plates, lifted onto 
nitrocellulose filter paper in duplicates, and processed for colony hybridizadoa The blots were 

hybridized to '^P-end-labeled oligonucleotide probes at 3TC in a sohition containing 5X 
Denhardt's solution, 1% SDS, 2x SSC, and denatured salmon sperm DNA (100 mg/ml). Blots 
were washed at 52®C in TMAC solution (3.0 M terametlQrlammonium chloride/50 mM Tris-HCl, 
pH 8.0/2 mM EDTA/0. 1% SDS). Plasmid DNA was made ftom 20 colonies shown to hybridize to 
either of the probes by using the Qagm miniprep kit (Chatswoith, CA). Several hundred bases 
flankiog key positions of each plasmid are sequenced in both directions by automatic sequencing 
(ABI 373 A, Apiiisd Biosystans). A 1924)p PCIR-amplified ftagment are generated by Vent 
polymerase (New England Biolabs. MA), utilizing primers corresponding to positions of the 
known cDNA flanking position. The ftagment is gel-purified and subjected to automatic DNA 
sequencing (ABI 373 A, Applied Biosystems). 

Oligonucleotide synthesis 

Chimeric RNA/DNA oligonucleotides for both transcribed and nontranscribed fector DC were 
synthesized by Applied Biosystems, Inc. (Foster City, CA) as previously described. The 
oligonucleotides are {separed with DNA and 2-O-rnethyl RNA phosphoramiditc nucleoside 
monomers on an ABI 394 DNA/RNA synthesizer, purified by HPLC and quantified by OV 
absorbance. More than 95% of the porified oligonudeotides are determined to be full length. 

Cell isolation and transfections 

Cells are isolated , by a two-step collagenase perfusion as previously described. The purified cells 

are plated on Priinaria plates (BectonDiddiuoii,Frankfin Lakes, NJ) at a density of 4 X 10 cells 
per 3 5-mm dish and maintained in supplemented Wil]iam*s £ medmm. Eighteen hours after 
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plating, the cells are washed and transfected with the chimeric molecules complexed to 
polyeth>^enimine(PEI). ApHXO, 10 mM stock solution of PEI(800kDa)(nuka Chemical 
Corp., Rontonkoma, NY) is prepared Briefly, the chimeric ligonucleotides are comiAexed with 
10 mM PEI at 9 equivalents of PEI nitrogen per chimeric phosphate in 100 1 of 0.15 M NaCl and 
transfected in 1 ml of medium at final concentrations of 150, 300 or 450 nM PEI is lactosjlated 
by coupling lactose to 30% of the nitrogen amines using sodium cyanoborohydride (Sigma 
Chemical Company, St Louis, MO). . Cells are also transfected Iwith 100 1 of 0.15 M NaCl 
containing the lactosylated m^sDn and 25-kDa PEI chimeric complexes (Sigma) at final 
concentrations of 90, 180 or 270 nM. After 18 h, an additional 2 ml of medium is added to the 
transfected cultures for the remaining 6 or 30 h of incubation. Vehicle control transfections utilize 
the sanw amount of PEI, tat substituted an equal volume of 10 mM Tris-HCU pH 7.6, for the 
oligonucleotides. 

DNA/RNA isolation and cloning 

The cells were harvested by scraping 48 h after transfectioa Genomic DNA larger tiian 100-150 
base pairs was isolated using the highly pure PCR template preparation kit (Boehringer 
Mannheim, Indianapolis, IN). RNA was isolated using RNAzoI 8 (Tel-Test, Inc., Friendswood, 
TX), according to the manufecturer's protocol. PCRamplificationof a fragment of the gene in 
question gpne is perfomwd with 300 ng of the isolated DNA from cither the primary ceU culture. 

The primers were designed (Oligos Etc., Wilsonville, OR) corresponding to nucleotides to cDN A 
to be corrected (ref. 25). Primer annealing is carried out at 59°C, and the samples are amplified for 
30 cycles using Expand Hi-fideli^ polymerase (Boehringer Mannheim). To rule out PGR 
artifects, 300 ng of control DNA is incubated with 0.5, 1.0 and 1.5 g of the oligonucleotide before 
Uie PCR-araplification reaction. Additionally, 1.0 g of the chimeric alone is used as the "template" 
for the PCR amplification. 

RT-PCR amplification is done utilizing tiie Titian one tube RT-PCR sy^em (Boehringer 
Marmheim) according to the manufecturer* s iMX)tocol and by using the same primers as those used 
for the DNA PCR amplification. To rule out DNA contamination, the RNA samples are treated 
with RQl DNase-firee RNase (Piomega Corp., Madison, WI) and RT-PCR negative controls of 
RNased RNA samples were performed in parallel with the RT-PCR reaction . Each of the PCR 
reactions is ligated into the TA cloning vector pCR 2.1 (Invitrogen, San Diego, CA) and 
transformed into frozen consent E co/i. 

Nuclear uptake of the chimeric molecules 

Nuclear localization of fluorescently labeled chimeric oligonucleotides was determined in the 
isolated ceUs. For in vivo studies, 250 1 saline containing 75 g of fluoiescenUy labeled chimeric 
oligonucleotides complexed to PEI is injected direcUy into the exposed caudate lobe. The animals 
are killed 24 h post injection, the tumor targeted is renwfved, bisected longitudinally, embedded 
using OCT and frozen cryosections were cm -10 pm thick, fixed, processed and examine 

MRCIOOO confbcal microscope (Bic^Rad. Inc., Hercules, CA). 

In vivo delivery of the chimeric oligonucleotides 

Vehicle controls and lactosylated 25-kDa PEI at a ratio of 6 equivalents of PEI nitrogen per 
chimeric phosphate are pr^iared in 300 1 of 5% dextrose. The aliquots are aduM^^ 
singledoseof 100 g or divided doses of 150 g and 200 g on consecutive days. Five days post 
injection, tumor tissue is removed for DNA and RNA isolatioa DNA is isolated RNA is isolated 
forRT-P(3lan^lification<rfthe same region as the genomic DNA using RNAexol andRNAmate 
(Intermountain Scientific Corp., Kaysville, UT) according to the nianu6ctura:*s protocol. 

Colony hybridization and sequencing 

Eighteen to 20 h after plating, the colonies were lifted onto MSI MagnaCitaph nylon filters 
(Miaon Separations, Inc., Westboro, MA), replicatedandprocessedfor hybridization accordiiig to 
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the manufecturer's lecommendatioa The filters were hybridized for 24 h with 32P-end-labeled 
oligonucleotide probes (Life Technologies. Inc., Gaithersburg, MD), where the underlined 
nucleotide is the target of mutagenesis. Hjiaridizations are performed at 37*^0, and the filters are 
processed following hybridization for autoradiography. Plasmid DNA isolated from colonies 
identified as hybridizing with the 32P-labeled probes is subjected to automatic sequencing using 
the forward and reverse primers, as well as gene specific primer corresponding to nucleotides of 
the normal gene. 

Example 2 

Cells Transfected with Nuclei c Acids Encoding SAes 
Cultured VX-2 cardnoma cells were shown to retain their tumorigenic activity after implantation 
into New Zealand white rabbits. Progressive tumor outgrowth was 6bserved over a 3 week period. 
Nucleic add encoding SEB isolated and characterized by Gaskill et al. J. Biol. Chem. 263:6276 
(1988) and RaneUi et a/., Proc. Natl Acad. Sd. USA 82:5850 (1985) were used to transfect Jissue 
cultured VX-2 carcinoma cells using transf ection m^odology described in Example 1 . 
Tiansfectants were sdected using (5418 and the survival of SEB-transfected VX-2 carcinoma cdls 
was observed In additional experiments, attempts were made to transfea murine 205 and 207 
tumor cells with nucldc add encoding SEB(the kind gift from Dr. Saleem Khan) and 
Streptococcal pyrogenic exotoxin A (the kind gift of I>r. Joseph Ferretti). Successful transfection 
of murine MCA 205 and B16 cells by nucldc adds encoding SEA and SEC2 was achieved shortly 
thereafter by int^mting the SAg DNA into several retroviral vectors (MFGNEO)contai^^ a 
growth hormone leader sequence under the control of a chick B-actin promoter (Krause JC et aL, 
J. Hematotherapy 6: 41-51 (1997)), In addition, murine tumors MCA 205 fibrosaicoina oeUs and 
a spontaneous mammary cardnoma cells were successfully trans&cted with nucldc adds 
encoding SEB (pnjwded by Dr. Saleem Khan) using the b-actin prornoter. Transfected mammary 
carcinoma cells induced T cdl proliferation in vitro. To demonstrate the anti-tumor capadty of 
tumor cells transfected with nucldc add encoding a SAg, these transfectants were injected i.p. 
into syngendc hosts with established mammary cardnomas. These transfectants demonstrated a 
capadty to reduce micrometastases of wild ^pe mammary tumor in vivo assessed in a clonogenic 
lung metastases assay. Theanti-tuinorefifectproducedby the SEB transfectants was eiihanced 
significantly by the co-administration of tumor cells transfected with imcleic adds encoding the 
costirmilating molecule B7-1. 

Example 3 

NaVftd S Ap D NA and Cells Co4ransfected with SAg DNA and with 
fi^^di^inn^] ^^icl eic Add Encoding Anti-Tumor Motifs or Products 
Nudeic acids encoding a SAg are injected in naked or plasmid form into a host with cancer as a 
means of activating T cdls and initiating an anti-tumor response. They may also be used as a 
vacdne to prevent the occurrence or recurrence of tumor in a host. Under circumstances where it 
is desirable to activate CD4- cdls to producea TH-1 cytokine response the nuddc add construct 
used to transfect cells contains immunostimulatory sequences such as unmethylated CpG 
sequences. Nuddc adds eticoditigSAgsinay be cotrarisfected into tumor ceUstog^h^ 
nucldc add encoding other constitueiitscap*le of pronM)tiiig an a^^ A list of 

possible components of nucldc add constructs for direct administration and/or transfection of 
tumor cells which are administered to the host is presented in Table n. 

The micleic add construct or constructs are administered to a host intrarrmscularly, intradermally^ 
systemically, parenterally, intratumorally, orally or locally (in the vidnity of the tumor). 
Alternatively* the construct is administered via a catheter or other devices known in the art into the 
tumor v^culatiue supplying all or part of a tumor. When the construct is injected systemically, 
the nucleic add construct is directed to the tumor using an anti-tumor antibody or lig^nd qpedfic 
for a tumor tecqjtor or recqrtor on the tumor neovasculature or stroma. The antibody or ligand or 
other targeting structures are conjugated to the SAg nucldc ad d construct in order to facilitate the 
introduction of the construct into tumor cells. Nucleic acid^lype^^de complexes or middc 
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acid/viral complexes are used to target a specific lecqrtor on the tumor vasculature or stroma. 



Tabl n -Nucleic Acid Constructs and Cells 
SAg-enooding DN A is used alone or tog^her with DNA encoding other ceU surfece moieties usefid in 
generating antitumor immunity. Genes or their products are shown in column 1, source information is 
shown in column 3 , preferred cell s to be transformed, transfected or transduced with tlw DN A are shown in 
column 2. All of references are incorporated by reference in their entirety. 



Gene or Gene Product 

1. SAg 

2. Enterotoxin 

3. SAgrecei^or 

4. Enterotoxin receptOT 

5. CDl receptor(s) 



7. 



CD14 receptor 

CD44 encoding nucleic adds 



Cells transformed 

Tumor 
Tumor 
Tumor 
Tumor 
Tumor 



Tumor 



TorNKT 



8, Carlx)hydrate modifying enzymes Tumor, TorNKT 



9. TCRVchain 



10. Staph/Strep fayaluronidase 

11, Staph/Strep erythrog&nic toxin 



12. Staphylococcal b-hemotysin 

13. Strep capsular polysaccharide 

14. Staph staphylocoagulase 

15. Staph Proteitt A 



Tumor 



Tumor 



Tumor 



Tumor 



Tumor 



Tumor 



Tumor 



Reference or Scarce 
ISeetextl 
[See text] 
[See text] 
[See text] 

Martin, LHe/ fl/.,Proc. 
Natl. Acad. Sci. 
83:9154-9158 (1986) 
Ferrero, E et ai, J. Immunol 
145: 331-336(1990) 
NottMburg, C et al Proc. 
Nati. Acad Sd. 66: 8521-8525 
(1992) 

Sheng, Y et a!. Int. J. Cancer 73: 
850-858 (1997) 

Tillinghast, JP et al. Science 233: 
879-883 (1986) 

Hynes WL et al., Infea. ImmTm., 
63: 3015-3020 (1995) 
McShanWH^/flf/.. Adv.E^q). 
Med BioL 418: 971-973 (1997) 
Projan SJ et al. Nucleic Add Res. 
3305-3309(1989) 
Lin, WS etal, J.Bacteriol.l76: 
7005-7016 (1994) 
Kaida S. et al, J. Biochemistry 
102: 1177-1186 (1987) 
Shuttleworth, HL et al.y Gene 58: 
283-295 (1987) 



16. StajA Protein A domain D 

17. Staph Protein A Domains 

18. Immunostimulatory protein 

19. Cosdnmlatory protein 

20. SAg-mimicking nudeic acid 

21. Glyoophorin 

22. Mannose receptor 



Tumor 
Tumor 

Tumor, TorNKT 

Tumor 

TorNKT 
Tumor 

Tumor 
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R6ben,PW€M/.,J. 
Immunol. 154: 6347-6445 
(1995) 

Gouda, H et al, Biochmistry, 3 1: 
9665-9672(1992) 
Tokunaga,Te/a/., 
Micn^ol. ImmunoL 36: 55-66, 
(1992) 

Entage, PC et al,, J.Immunol. 
60: 2531-2538(1998) 

Siebert, PD. et aL, Proc. Natl. 

AcadSd. USA 83 

1665-1669 (1986) 

Kim SJ. et al.^ Genomics 14: 

721-727(1992) 



23. Angiostatiti 

24. Chemoattractant 

25. Chemokine 

26. Transcription fector 



Tumor 
Tumor 

Tumor 
Tumor, T or NKT 



27. Transcription ^or-bdnding Tumor, Tor NKT 

nucleic acid 

28. SAg^^eptide conjugate Tumor 

29. Glyco-SAg Tumor 

30. Staph, global regulator gene fltgr I^unor 



31. Lipid Abiosynthetic 
IpxA-D 

32. Mycobacterial nqrcolic acid 

Ixosynthetic genes 



33. c-abl oncogene amplified in 
chronic myel. Leukemia 



34. ert)B2 (HER2/n«i) oncogene 



Tumor 



Tumor 



Tumor 



Tumor 



35. IGF-1 recqptor gene 



Tumor 



36. VEGF Tumor 

37. Strep £/nm-iike gene fiunily Tumor 



38, iNOS Tumor 

39. Apolipoproteins (e.g., Lp(aX Tunwr 



721-727(1992) 
Cao, Y, et al, J.Clin. Invest 

101:1055-1063(1998) 
Ames, RS. et o/., J. BioL 

Chem. 271: 20231-20234 
(1996) 

Nagira ^MetaL^ J. Biol 
Chem. 272: 19518-19524 
(1997) 

Schvirab Met ai.,MQl Cell 
Biol. 6: 2752-2758 (1986) 



Balaban, N. et al, Proc. Natl, 
Acad Sd. USA 92: 
1619-1623 (1995) 
Schnaitman CA et ai, 
Midbtnological Reviews 57: 
655-682 (1993) 
Femandes ND et al , Crene 
170: 95-99 (1996); Mathur M 
era/., J.BioL Chem. 
267:19388-19395(1992) 
Scherte PAetal,, 
Pn)c. Nati. Acad, ScL USA 
87: 1908 (1990); 
HeisterkampNet al.. Nature 
344:251-253 (1990) 
Schechter AL et al, , Science 
229: 976 (1985); Baigmann 
(X Nature 319: 226(1986); 
Hung MC et aL, Proc. Natl. 
AcadSd. 83:261 (1986); 
Yamamoto T et aL^ Nature 
319: 230(1986) 
Abbott AM a/., J. Biol. 
Chem. 267: 10759-10763 
(1992); Scott J et al. Nature 
317: 260-262 (1985); Liu J er 
^.,CeU 75: 59-63 (1993) 
Tischer E et al. , J. Biol. 
Chem. 266: 11947-11954 
(1991) 

KehoeMA,In: CeU-WaU 
Associated Protdns in 
Gtam-Positive Bacteria in 
Bacteiial Cdl Wall, Ghuysen 
JM et al, eds, Elsevier, 
Amsterdam, 1994 
Me QW et a!,, Sdence 256: 
225-228(1992) 
[See Text] 
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apoB-100,apoB-48,apoE) rc^T^wi 
40. LDL&oxyLDL receptors Tumor [SeeTextj 

(e.g., LDL oxyLDL, acelyl-LDL, 
VLDL, LRP, CD36, SREC, LOX-1, 
macrc^thage scavenge receptors) 

Chemical Cop jn ^tion of SAg Nudeic Adds to VTs. ApoIiTionroteins, HPV Epitopes or Oqier 
Pblvpeptkies/PrDtcms Liste d in Tables I and II. , „ j 

The followiiig section describes actual plQrsical conjugates between poly- or ohgonucleoUdes and 
peptides or proteins. SAg nudeic add.conjugates are jHcpared by chemical modification of 
nucleic adds at specific sites within individual nucleotides or within digonudeotides such that a 
protein can be bound to a DN A or RN A polymer. 

Derivatization may be accomplished through discrete sites on the available bases, sugars, or 
phosphate gioups to create primary amines, sdfhydryls, carboxylatcs or phcnolates. The chemical 
modification of nudeic acids can encompass several strategies. The initial derivatization may be 
the addition of a spacer ann to a particular reactive group on the nucleotide ^rud Sucha 
spacer Really contains a terminal functional groi^, such as an amine, that can be used to couple 
another molecule. The spacer m^ be used to react wdth a cross-linking agent, such as a 
hete jobifimctional compound that can fedlitate the conjugation of a protein or another molecule to 
the modified nucieoticte. 

If enzymatic methods are used to incorporate a small spacer into an oligonucleotide, subsequent 
chemical conjugation steps still are needed to add the protein moiety. In some cases, if an 
oligoraideotide contains the appropriate functional grcwp, a protdn may be directly couirfed using 
chemical methods. Many of the chemical derivatization methods enqdoyed in these strategies 
involve the use of an activation stq) that produces a reactive intermediary. The activated spedes 
then can be used to couple a molecule containing a nucleophile, typically a primary amine. 

A preferred mdhod is to amidate the 5* P04 of the oligonucleotide with EDC and then coi^le 
cystamine to the 5* amidated oligonudeotide. EDC will acfei an amide to the oligonudeotide to 
form a phosphoramidate linkage. After the addition of cystamine the disulfide is reduced with an 
agent such as dithiothreilol (DTT) to produce ahceS' sulfhydiyl. The derivatized oligonudeotide 
is then ooi^iled to a protein chain (e,g. „ a verotoxin A or B chain) that has been activated with a 
heterobifunctional cross-linker such as succinimidyl 4(N-maleimidomethyl)cydohcxane 1- 
carboxylate (SMCC ) whidi reacts with the amines on the protein which then react with the 
sulfltydryls on the derivatized oligonudeotide. N-sucdnimidyl S-actylthioacetate (S ATA) is 
usefW for adding a free tMol or sul%dryl group to a molecule laddng this m^^ Withthis 
modification, "protected" sulfliydryl is formed which m^ be stored indefmitdy in this protected 
state. 

When needed, the acetyl gnnq) on the protected sulfhydryl is removed to reveal the sdfhydry 1 for 
conjugation to another molecule. A hetcKihifunclional agent such as SMCC or N-Sucdnimitfyl 3- 
(2-pyri(fylthio)propionate (SPDP) may be direcdy added to the amidated oligonudeotide 
phosphate group to produce a ftee sulfhydryl unit fb r reactivity with the protein or peptide. 

Chemical Co n ^^on of Pohrpentides/Proteins to SAg DNA via Carfaodiimide Reagagn with ftc 5*- 

Phosprtates (Phosphoramidate Formation) 

The water-sohWe carbodiimide EE>C, rajadly reacts with a carbo?Qrlate or phosphate to form an 
active oorryplexaWe to coiqrfe with a prirnaryairiine^iitairiingcoinpo^ The carbodiimide 
activates an all^l phosphate group to a highly reactive phosphodiesterintennediate. Diamine 
spacer molecules or amine-containing p^Jtides then may read with this active spedes to form a 
stable phoi^ramidate bond. Altemativdy, bi5-hydrazi<te compounds mssy be coupled to DNA 
using this protocol to yi d d a terminal hy drazide functional group aWe to react with aldehy <fe- 
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containing molecules (Ghosh et. al, 1989). These methods permit specific labeling of SAg DNA 
only at the 5* end 

The following protocol describes the modification of SAg DNA or RN A oligonucleotides at their 
5*-phosphate ends with a bis-hydrazide compound, such as adipic add dihydrazide or 
caibohydrazide. A similar procedure for coupfing the diamine conqx>undcystanune is described 
below. 

Protocol 

1. Weigh out 1.25 mg of the caibodiimide l-etl^U3<3-dtmetlQrlaminoi)iopyl)cazbodiin(iide 
hydrochloride (EDO) into a microfiige tube. 

2. Add 7.5 ml of SAg RNA or DNA that has 5' phosphate groups. The concentration of the 
oligonudeotide should be 7.5-15 nmol or a total of about 57-1 15.5 mg. Also immediately add 5 ml 
of 0^5 M bis-hydiazide conqxnmd dissolved in 0. 1 M imidazole, pH 6. 

3. Mbc(e.^.» by vortexing) and centrifuge in a microfiige for 5 min at maximal ipm. 

4. Add an additional 20 ml of 0. 1 Mimidazole^pH 6. Mix and allow to react for 30 nam at loom 
temperature. 

5. Purify the hydrazide-IabdedoUgonucleotide by gd filtration on SephadexG-25usm 
sodium phosphate, 0.15 M NaCl, 10 mM EDTA, pH 7.2. The oligonucleotide now may be 
conjugated with an aldefaydeKsontaining molecule. 

Sulfhvdrvl Modification of SAg DNA 

Creating a sulfi:iydiyl groiq} on SAg DNA allows conjugation reactions to be done with 
sulfhydiyl-reacttve heten^jifunc^onal cross-linkers providing increased control over the 
derivatization process. Proteins are activated with a cross-linking agent containing an am^^ 
reactive and a sulfiiydiyl-reactive end» such as SPDP, leavii^ the sulfliydiyl-reactive portion free 
to couple with the modified DNA molecule. Having a sulfl^diyl groiq;) on the SAg DNA directs 
the coui^g reaction to discrete sites on the nucleotide strand, thus better piesening hybridization 
ability in the final conjugate. In addition, heterobifimctional cross-linkers of this type allow two- 
or three-step conjugation proceduies which result in better yield of the desired conjugate than do 
homobifimctioual reagents. 

Cvstamine Modification of 5' Phosphate Groups on Superantigen Nucleotides Using EDC 

SAg DNA or RNA is modified with cystamine at the 5' phosphate groups using the carbodiimide 
reaction described above. In some piocedures, the reaction is carried out in a two-step process by 
first forming a reactive phosphorylimidazolide by EDC conjugation in an imidazole buff^. Next, 
cystamine is reacted with the activated oligonucleotide^ causing the imidazole to be replaced by 
the amine and creating a phosphoramidate linkage. Reduction of the cystamine-labeled 
oligonucleotide using a disulfide redudng agent releases 2-mercaptoethylamine and creates a thiol 
group. 

Protocol 

1. Weigh out 1.25 mg of the caibodiimide l-ethyl-3-(3-diniethylamino-propyl)caibodiimide 
hydrochloride (EDQ into a microfiige tube. 

2. Add 7.5 ml of SAg RNA or DNA that has 5* phosphate groups. The concentration of the 
oligonucleotide should be 7.5-15 nmol or a total of about 57-1 15.5 mg. Also immediately add 5 ml 
of 0.25 M cystamine in 0.1 M imidazole, pH 6. 

3. Mfac (e.g., by vortexing) and centrifiige in a migafiige for 5 min at maximal rpm. 

4. Add an additional 20 ml of 0. 1 M imidazole, pH 6. Mix and allow to react fi>r 30 mm at room 
ten^xiature. 

5. For reduction of the cystamine disuMdes, add 20 ml of IMDTT and incubate at rw 
forl5nmL This wiUrdease 2-mercaptoethylamine fix}m the cystamine nK)dification site and c^ 
the fiee sulfiiydiyl on the 5* tominus of the oligonucleotide. 

6. Purify the SH-labeledotigo by gd filtration on SqihadexG-25 using 10 mM^ 

M NaCl, 10 mM EDTA, pH 7.2. The oligonudeotide now may be used to conjugate with an 
activated protein containing a sulfhydiyl-reactive group. 
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SPDP Modification of Amines on Siipetantigen Nucleotides 

S Ag DN A that has been modified with an amine-terminal spacer ann may be thiolated to contain a 
sulfhydiyl i^due. Theoretically, any amine-reactive thiolation leagpnt may be used to convert 
an amino group on a SAgDNA molecule into a thiol A preferred reagent both for cross-linking 
and for thiolation icadions is the heterobifuttctional reagent SPDP. The NHS ester end of SPDP 
reacts with primary amine groups to produce stable amide bonds. Theotherendof the cross- 
linker contains a thiol-reactive pyridtyldisulfide group that also can be reduced with DTT to create 
a fiee sulfbydiyL The reaction of a S'-diamine-modified S Ag DN A oligonucleotide with SPDP 
proceeds under mildly alkaline conditions (optimal pH 7-9) yields the pyricfyldisulfide-activated 
intermediate. This derivative can be used to couple directly with sulfhydryl-containing 
coitqxmnds, or it may be converted into a &ee sulfhydiyl for coupling to thiol-reactive 
compounds. In an alternative approach, 2,2*-dipyridyldisulfide is used to create reactive 
pyricfyldisulfide groups on a reduced 5'<ystarninc-labdedSAg oligonucleotide^ This derivative 
then can be used to couple with sulfhydryl-containing molecules, forming a disulfide bond. 
Reduction of the pyridyldisulfide end after SI^P modification release the pyndine-2-thione 
leaving group and generates a terminal-SH group. 

Protocol 

1 . Dissolve the amine-modified SAg oligonucleotide to be thiolated in 250 mi of SOmM sodium 
phosphate, pH 7.5. 

2. Dissolve SPDP at a concentration of 6,2 mg/ml in DMSO to make a 20 mM stodc solutiort 
Alternatively, LC-SPDP may be used and dissolved at a concentration of 8.5 mg/ml in DMSO (also 
makes a 20mM solution). If the water-soluble Sulfo-LC-SPDP is used, a stock solution in water 
may be prepaxedjust prior to addition of an aliquot to the thiolation reaction. In this case» prepare a 
lOmMsolutianof Sulfo-LC-SPDP by dissolving 5.2 mg^ in water. Since an aqueous solution of 
the cross-linker will degrade by hydrolysis of the sulfo-NHS ester, it should be used quickly. 

3. Add 50 ml of the SPDP (or LC-SPDP) solution to the SAg oligonucleotide solutioa Add 100 ml of 
the Sulfo-LC-SFDP solution, if the water-solubk cross-linker is used Mix, 

4. Allow to react for 111 at room tempmture. 

5. Remove excess reagents firom the modified SAg oligoiracleotide by gel filu^ The modified 
oligotmdeotide now may be used to conjugate with a sulfhydryl-containing molecule, or it may be 
reduced to create a thiol for conjugation with sulfhydryl-reactive molecules. 

6. To release the pyridine-2-thione leaving group and form the fiee sulfhydryl, add 20 ml of IM DTI 
andincubate at room temperature for 15 mm. If present in sufficient quantity, the release of 

pyridine-2-thione is followed by its characteristic absorbance at 343 nm(e=S.08x 10 M cm ). 
For many oligonudeotide modification applications, however, the leaving group wiU be present in 
too low a concentration to be detectable. 

7. Purify the tMolatedoUgoimcleotide from excess DTT by dialysis or gel filtration^ 

sodium phosi^e, ImM EDTA, pH 7.2. The modified oligonucleotide should be used immediately 
in a conjugation reaction to prevent sulfhydryl oxidation and formation of disulfide cross-links. 

N-succinimidvl S-actvhhioacetate ("SATA ) Modifi cation of Amines on Sur?erantigen DNA Nucleotides 
SAg oligonucleotides ootitainingainine groups introduced by etizyinatic or chemical means may 
be modified with SATA to produce protected sulfhydryl derivatives. The NHS (N- 
hydroxylsuccinimide) ester end of SATA reacts with a fsimary amine to form a stable amide 
bond. After inodification, the ac^l protecting group can be removed as needed by treatment with 
faydroT^lamine under mildly alkaline conditions. The result is terminal sulfl^dry 1 groups that can 
be used for subsequem labeling with thiol-reactive probes or acti^ , 

Protocol 

1. Dissoh^ the amine-modified SAg oUgcmudeotide to be thiolated in 250n^ 
lrfu>q)hatB>pH8. 

2. Dissolve SATA in DMF at a concentration of 8 m^mL 

3. Add250mloftheSATAsolutiontotheoligosohition. Nfix. 

4. Reactfor3hat3TX:. 
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5. Remove excess reagents by gel filtration. 

6. To deprotect the tMoac^lgnnip, add 100ml of 50 inM hydros 
EDTA, pH 7.5, and react for 2 h. 

7. Thesul&ydrylKx^ntainingoligonudeotideniaybeusedirnmediaM 

reactive label, or it can be poiified from excess hydroxylamine fay gel filtration. 

Conjugation of a Polypeptide to SAg DNA 

As indicated, the DNA molecule must be modified to contain one or more suitable reactive 

groups, such as nodeopliiles like amines or sulfhydryls. The modifications that employ enzymatic 

or chemical methods can result in random incorporation of modification sites or can be directed 

exclusivety to one end of the DNA molecule, e.g. , 5' phosphate coiqiling. 

Some of the more common procedures for preparing DNA-polypepiide conjugates are given 

below. 

Polypeptide (e.g. . vn Conjugation to Cvstamine-Modified SAg DNA 

Using Amine- and Sulfhvdni-Reactive Heterofaifunctional Cross-linkers 

Cystanaine groups are acUed to the 5' phosphate of SAg DNA as described above. Oncea 
sulfhydryl-modified DNA has been prepared, the following protocol may be used. The protein is 
activated with SPDP. Reacting the SAgic DNA probe in excess allows easy separation of 
uncoupled SAg oligonucleotide firom conjugated molecules. 

Pinptoool 

1. Dissolve a 5*-5uIfhydryI-modified SAg oligonucleotide in water or 10 mM EDTA at a concentration 

of0.05-25mg^mL Cdculate the total nanomolesofoHgonudeotidepresem based on its molecular 
weight 

2. Add 0. 15M NaCl, 10 mM EDTA, pH 7.2. Add the oligonucleotide solution to the activated protein 

in a 10-fold molar excess. 

3. React at room tenq)erature for 30 mm with gentle mixing, 

4. The protein-DNA conjugate is purified away fix>m excess SAg oligonucleotide by dialysis or gel 

filtratioi^ or through the use of centrifugal concentrators. Centricon-30 concentrators (Amicon) 
that have a molecular weight cutoff of 30,000 are also used to remove unreacted oligonucleotides. 
Since the polypeptide molecular weight is {^^proximately 140,000 and the conjug^ is even 
higher, a relatively small DNA oligomer will pass through the membranes of these units while the 
conjugate will not. To purify the prepared conjugate using Centricon-30s, add 2 ml of the 
phosphate buffer from step 2 to one concentrator unit, then add the reaction mixture to the buffer 
andmix. CentrifiigeatlOOOgfor 15 mmoruntiltheretentatevolumeisabout50ml. Addanother 
2 ml of buffer and centrifuge again until the retentate is 50 ml. Invert the Centricon-30 unit and 
centrifuge to collect the retentate in the collection tube provided by the manufacturer. 

Administration of Peptide -X)NA (oDNAV Naked DNA, or Protein or Peptide Conjugates 

Naked DNA, pDNA, rmcleic add-peptide or -polypeptide conjugates or genetic fusion products 
are administered par^iteralfy (for example, rv,ip, im, subcutaneously, intrathecally, intratumoral, 
rectally,transcutaneously) or orally. Administration may also be by a gene gun using a 1 ml 
syringeanda 28 gauge needle. The nuddc add is admiiusterediritnidermally or intramuscularly 
in a total volume of 100 ml. A Tyne applicator is used to deliver doses of 1-1000 mg of DNA at 
3x weekly intervals. SAg-«ncodii)gnuddcacidisinjecteddirectly into the tumor. Thenudeic 
add ei ther contains or does not contain immunostimulatory sequences that induce activation of T 
cells and skew the response towanl production of THlcytokiites. For example, if nuddc adds 
encoding a tumor associated antigen are used then the nucleic adds are engineered to incorporate 
ISS sequences in order to fully activate a THl response, likewise, if nudeic add encoding a 
tumor associated antigen is cotransfected with nucldc add enooding a SAg, then one of the 
nudeic acid constructs is engineered to contain an ISS. 

Viral DNA, nuddc add expression cassettes or plasmids or bacteri ophag^s encoding the 
constructs given in Table II m^ be used for in vivo immunization in place of naked DNA. 
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Viruses may also aoqidie the aGal ejntope after iransfection into tumor cells which contain the a- 
galactosyltraosferaseenTymedthernaturaUyorviatrai^^ The virus must possess the intact 
N-acefyllactosamine substrate for the galactosyl- transferase ill order to ex^^ The 
vimses shedding from these cells will express the aGal epitope. The virus also contains peptide 
sequences for S Ag and tumor associated antigen acquired firom the tumor cells which wre 
previously tiansfected with nucleic adds encoding SAg and tumor antigen. The shed virus may 
also express stajAylocoocal or streptococcal hyaluronidase and c^Kular polysaccharide sequences 
obtained from hc»ttmnor cell or accessory ceils previously transfixtedwthnudeic adds 
encoding these genes. The shed virus expressing Gal hyalwonidase and capsular 
polysaccharide is capable of initiating a potent tumoriddal response when administered to hosts 
with established tumors or when used as a tumor vaodne against potential tumors . 

These constructs are also used as vacdnes. Further, the nuddc add construct is pre-processed 
ex vivo in muscle cdls before sdective deliveiy into host tumor tissue. Cationic liposomes or 
other liposomes or drug carriers well known in the art are used as vehides to deliver the nudeic 
adds in vivo. 

The transfection process is also carried out ^xWw>. Nuddc adds encoding SAgs together with 
the nucleic add constructs given in Table II are transfected into tumor cells of all types and 
antigen presenting cdls such as MHC class I and class n as well as APCs e^qpressing CD I and 
mannose recejrtors. These include Iwt are not limited to DCs, inmumocj^ monocj^ 
macrophages, and fibroblasts. SAg is transfected alone or together with one or more of the above 
^5 constructs given in Table n. The transfected cdlesqjresses/secretespiderentially a SAg plus an 

iznmunogenic oncogene product, anti-angiogenesis Victor, glyoosyiceranu The 
transfectants present their gene products on cell sui£Ke rec^tors such as conventional MHC 
Ui molecules for SAgs or in the case of the glycosylceramides or LPS on a CD-I or mannose 

hi= receptor, (APC). Glycosylated SAg3 sIkw preference for pies^itation on tnannose receptors^ 

t ! 

'hi 

Q Example 4 

fg SA^. Tumor Antigens. Glvoosviceiamides. LPS's. Binary and Ternary 

r Complexes Aprfied to MHC Class 1. Class n. CDl or M annose Receptors 

The above molecules and all of the conjugates given in section 55 are ai^ed to antigen 
presenting receptors as given below. CDl rqsresents a family of non-polymorphic antigen 
Lf{ presenting mdeculesunUnked to the MHC molecules expressed by most profess The 

MKT cells that recognize CDl presented antigens express NKR-Pl,Ly49 receptors, an invariant 
£3 chain and a V8.2 variable regioa With respect to these receptors, they share identity and thdr 

Q natural Uganda with NK ceUs. Specifically. CDl Innds peptides with extended NH2 and 

□ termini flanking the core tending motif. Long peptides (^ter than 8 to 10 amino adds) with 

amino add residues at thdr hydrophotnc binding sites and greatly restricted anchors are preferred. 
This recogmtion of CDl^sresentedantig^ depends on the t^ and distribution of sugar 
residues. Mycobacterial cell wall antigens namely mycolic acids and lipoarabinomannan also bind 
to CDl. Recently several glycosylceramides, in particular, monogalactosjl ceramides GalCer) 
were shown to bind to CDland to activate NKT cells Specifically, CDl molecules are capable of 
ptesentingmannasides with 1,2 linkages and a phosphatuiyiinositolunit^ CDl bound antigens are 
recogmzed by NKT cells (/TCR positive; CD4 and CDS negative). For instance, NKT cells are 
activated by a Hpoarabimannan (LAM) presented on CDl receptors and become cytolytic while 
producing abundant INF. 

In the present invention, a SAg bound to a monogalactosy Iceramide sudi as GalCer is loaded onto 
CDl or MHC class lorn receptors expressed by APCs. The CDl or MHC receptors are in 
soluble or iimnobilized form produced by methods well described in the art According to this 
invention, CDl receptors present SAg polypeptides complexed with C^Cer lipids or 
otigosaocharides to T cell and/or NKT cell papulation which recognize the conjugates and 
commence difTerentiation to tumor specific effector cells. These ligands are be loaded on the GDI 
receptor sequential^, simultaneously or as a preformed conjugates. Altemativdy, they are 
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positioned on the CDl receptor after internal processing of their nucleic add counterparts in the 
antigen presenting cells. Tl^cdls arc then harve^ and used for adoptive inmunothetapy 
(Examples?, 15, 16. 18-23). 

These coitqjlexes are also useful in vivo as a preventative or therapeutic antitumor vaccine 
(Example 14, 15, 16, 18-23). 

SAgs and tumor associated antigen (TAA) are loaded sequentially on to class n recej^rs of 
antigen presenting cells. Altemativdy, preformed complexes of tumor associated antigen and 
SAg are loaded onto MHC class II receptors. The SAgm^ be in the native or glycosylated form. 
The tumor associated antigen is also fused genetically to the b chain of the MHC class 11 receptor. 
A SAg is added once the TAA is expressed bound to the MHC dassH. The sequence may also be 
reversed so that a SAg is genetically pn)cessed and bound to the b chain after which the T 
added. Consensus or repeating nucleic acid sequences shared by a tumor assodaled antigen and a 
SAg are cloned into a singLe sequence and transfected into APCs which diqilay the consensus 
pcptitte in the context ofthc class n receptor. Methodology for production of the ftsaon^MS is 
weU described in the art (See Ausubd. FM et al . suprcr, Samtaodc, J et al , supra) T cells or 
NKT cells arc activated after ejqwsurc to SAg and TAA producing an expanded tumor specific T 
ceU effector population which is useftil in ack^jtiveinmnmotherap^ 15. 16, 

18-23). 

Antigen presenting cells in this system are chosen from a group consisting of DCs, fibroblasts, 
macropiha^s, and lymphocytes, but other professional APCs or any other cell transfectants, phage 
displays or liposomes expressing the class I or class II receptors are also used. Alternatively, a 
tumor assodated antigen is bound to an APC that is phannacotogically or gp^ 
&om anti^ processing. SAg is added and the complex ofSAg and protein bound to class II is 
then presented to a T cdl population to produce a tumor specific efifector cell population for use in 
adc^ytive immunother^ of cancer as in Example 15, 16, 18-23). These complexes are also useful 
in vivo as a preventative or therapeutic antitumor vacdne (Exanqsle 14, 15, 16, 18-23). 

Soluble SAg MHC class II proteins with covalently bound single peptides are produced using a 
baculovirus system to express in insect cells two murine class n molecules with p^des attached 
by a linker to the N terminus of their b-chains (Kozono H. et al. Nature 369: 151-154 (1994)). 
The resulting pqytide is engaged by the peptide tending groove of the secreted MHC molecule and 
this complex is recognized by T cells bearing receptors spedfic for the ooinbinatioa In this 
method, the approximatdy lOObp fragmem encoding the SAg and a flexible linker with an 
Pfnbp<1<^ thrombin cleavage site is introduced in £rame by the PCR just after the third codon of 
thcbl domain. This assures a recognizalrie leader peptide deavago site and flexilsle link between 
the C-terminus of the foreign peptide bound in the deft of the MHC molecule and the N terminus 
of the bl domain of SAg amino adds. Soluble complexes consisting of receptors and various SAg 
are prepared in this way and are used to activate T cells for use in adoptive immunotherapy. 
Similar^, prqxirations ccmsisting of MHC dass I receptors, CDl or mannose receptors 
complexed with SAgs, gtycosylceiamides or LPS's are prochiced which are useful in activating T 
cells or NKT cells for adoptive iiiummotherai^ of caiicer in protocols given in Examples 7, 15, 
16,18-23). These ooii^exes are also usefidMv/vo as a preventative or ther^)euticantituiiio^ 
vaccine (Example 14, 15, 16, 18-23). 

To produce complexes conqposed of SAgs with class I or II MHC or soluble DR a or b (lacking 
the transm^nbrane domain) and TCR hderodimer, a soluble human TCR heterodimer ^ch has 
specifid^ for various tumor associated antigens bound to the human class I or n MHC molecules 
or human soluUe CDl molecules is used. A typical system for preparing ternary SAg-tumor 
peptide-MHC or tmsaryCDl-glyDOsylceramide (preferably GalCer)-SAg comi^exes capable of 
triggering T cells or NKT cells is as follows. CDl, DR-1 or HLA-A2 restricted tumor antigen 
spedfic T ceD NKT ceU clones are used althous^i primary unsaisitizcd T or NKT 
usedaswell. The DR-1 and HLA-A2 homozygous Epstdn-Ban-virus^ransfbrmedB cell line 
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LG-2 or DCs exiHessing CDl receptors arc used as APCs either live or fixed in 0.5% 
paraformaldehyde for 20 minutes. LG-2 and DCs (2.67 x 10 per ml) in RPMI 1640 with 1% fetal 
bovine serum are pulsed with tumor antigen and gfycosylceramide respectiveiy for 2 hours at 
37°C and then washed in RPMI 1640/1% fetal bovine serum to remove unbound antigen. SAg is 
added for 2 hours at 3r*C. Pulsed APCs(4xl0 per well) are oo cultured with resting T cells or 

4 

MKT cells (2x 10 per welO in round4wttom microliter plates in RPMI 1640/5% human senmL 
Twenty four hours later, the cells axe harvested. The APCs are separated and the Tcdls or NKT 
cdls may be optionally expanded further with IL.-2 Optionally , complexes comprising soluble 
recombinant DRa or b chain with bound superantigen are presented to the T cell or NKT ccUs 
which are then expanded with IL-2. These cells are then harvested and used for adoptive 
immunotherapy (Exan^ies 7, 15, 16. 18-23). The APC containing the complexes are also useful 
in vivo as a preventative or therapeutic antitumor vaccine (Example 14, 15, 16, lS-23), 
Also useful for tumor therapy are the complexes LIP GPI-SAg (from Section 38), cither free or in 
the form of vesicles or exosomes comprising SAg-GalCw complexes or SAg-tumor pe|*de 
(including but not limited to normal mutated structures). The temaiy complexes of SAg-Gal(^- 
heat shock protein and tunrarpepdde-heat shock protein are also useful. These complexes may be 
in or soluble or immobilized form, attached to a CDl or MHC or as part of a vesicle or exosome. 
the complexes are also useful in vivo as a preventative or th^apeutic antitumor vaccine (Example 
14, 15, 16, 18-23). 

The tumor associated antigen or S Ag4umor associated antigen complex is conjugated to oxidized 
mannan (polymannose) by methods described by ;^x>stolopoulos, V et al , Proc. Natl. Acad. Sd. 
USA 92: 10128-10132 (1995) which is then loaded onto mannose recqjtors of antigen presenting 
cells for stimulation of a T cell anti-tumor response. Alternatively, the SAg (optionally 
conjugated to tumor peptides)-mannatt conjugate is administeied to tumor bearing hosts by 
methods in Example 15, 16, 18-23). 

The SAg alone or conjugated to a tumor associated antigen is recognized by the mannose receptor 
on maaophages. This requires a glyoosylated SAg which is recognized by the mannose receptor 
on maaqohages. A native or glycosylated tumor associated antigen-SAg conjugate or a 
consensus peptide of both polypeptides is presented to mannose receptors expressed on antigen 
l»esenting cells which are exposed to a T ceU or NKT cell population to produ^ 
effector cells by methods in Example 15, 16, 18-23). These complexes are also useful in ^nvo as a 
preventative or therapeutic antitumor vaccine (Example 14, 15, 16, 18-23). They are also used ex 
vivo to produce a pc^xilation of tumor specific effector T or NKT cells for the adoptive 
immunother^ cancer by naethods and protocols given in Examples 7, 15, 16, 18-23 and 36. 

The mannose recqstor delivers the complex to the late endosomal and lysosomal vesicles and the 
MHC class n loading compartment where the antigen is loaded onto CDlb molecules. The Clb 
molecule is endocytosed at the plasma membrane in coated pits and vesicle structures, transits to 
eaiiyendosomes and is then delivered to the MHC class n antigen loading compartmem. The 
endosomal localization motif on the tail of the CDlb molecule is essential for antigen trafSddng 
of CD lb through the lysosomal compartment required for loading of antigen into CDlb and its 
ultimate transport to the membrane. The antigen binding groove of CDl is deeper and narrower 
than the MHC dass I molecule groove containing a faydrophotnc binding site which 
accommodates tl^ lipid poition of the molecules such as lipoarabinomaiman or GalCer and the 
SAg-LPS constructs given herein. APCs expressing the above constnicts are e?qposed to NKT cdl 
popuMons which recognize the antigens in the context ofthe CDl receptor. Ifcarriedoutexv7va 
this results in the formation of tumor specific efifector NKT cells which are used for adoptive 
immunotherapy by protocols given in Examples 7, 15, 16, 18-23). 

Example 5 

SAg Conhieation to Glvoosvlceramides. GandiosidK. LPS's. (jlvc? >Tifi. Pep^idnf? lvcans Phvtosphinpolipds. 
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Lipo proteins. xvLDL and Lipoarabiaomaimans 
All of the SAg-lipid conjugates given abofve and in section 55 are prqared as follows. Selection of 
the SAg peptide to be used for coupling is governed by several criteria In practice, a 10-15 
residue peptide is selected. For SAgs, the sites chosen for coupling are those presumed not to be 
vitally involved in T cell binding and activatioa In most SAgs, these sites are broadly distributed 
throughout the molecule. They are available at flexible regions of the protein and on reverse turns 
or loop structures. Ctemini are more mobile thari the rest of the molecule and fi:equently exposed 
on the protein surface. This region is accessible to be coupled to another ligand especially using 
m-maleimidobenzoyl-N-hydroxysuccimmide ester (MBS) via a Cys residue that has been added to 
the N termiims of the peptide. By coupling the peptide via its N-terminal end, the pepdde is 
exposed in a fashion similar to that found in the native antigea Additional criteria for selection of 
the coupling site such as exposed hydrophilic regions, secondary structure, hydropathidty profiles, 
and probability of helix formation may not be useful. However, care is take not to disrupt 
predicted polysaccharide ^tti ^hment sites, most notably the sequence Asn-X-Ser or Asn-X-Thr, 
whidi predicts the presence of Asn-linked polysaccharide moieties. In addition to location of 
transmembrane re^ons, Asn-linked glyoosylation sites and sites of signal sequence cleavage are 
allimportant After dnecoiisideratiori, the C using 7-15 residues teriiuinis is preferred arid is 
modifiedto accommodate MBS. This pnx»dure requires a free sulfhydiylgroiQ) on the synthetic 
pepdde and &ee amino groups on the ligand. Therefore, to use this metho4 it is necessary to add 
a Cys residue to the C or N terminus of the peptide. 

Biochemical Conjugation Methods : 

SAgs are conjugated to polysaccharide containing structures using several methods well described 
in the art (Hermanson, GT Bioconjugate Techniques Academic Press, San Diego, Ca 1996). Two 
methods are given here one utilizing the isolated conqtlex carbohydrate obtained from the purified 
^glioside which is then chemically conjugated to S Ag and in another method wherein the 
gangUoside and SAg are both incorporated into a liposomal membrane. Either method is used to 
produce cornplexes which are indudbd within the scope of this invention. However they are by no 
means exhaustive of all the techniques which could be employed to conjugate human tumor 
antigens to SAg molecules. Other conjugation strategies may be utilized to produce an 
immunologically active complex as described by this invention. (See QfiTord, RE. in Protein 
Engineering ed. AR Rees, Oxford, 1992) 

Direct Conjugation of Ganglioside. LPS or Peptidoglvcan to SAg Molecules 

1 . Ganglioside or LPS a«ti'gp"g are purified and are then dissolved in aqueous solution at pH 
6.0 at a concentration of 1 .0 mM/ml 

2. Bndoglycoceramidase fiom Rhodococcus (Genzyme) is adcted to the ganglioside sohition 
toalevelof5imlliunits. The solution is incubated overnight at 37®C with gentle agitation. The 
endogtycoceramidase specifically cleaves at the ceramide-polysaocharide bond liberating 
oeramide and clipping off the complex carbohydrate making up the ganglioside 

3. The pob^saccharide is isolated by HPLC size exclusion chroxnatography or by 
ultrafiltration 

4. SAg is dissolved in IM sodium pho^hate, 0. 15 M NaCl, pH 7.5, at a concentration of 1 
mg/ml. The purified polysaccharide antigen is added to this solution to a concentration of at least 
ImM/mL 

5. In a fume hood, 20 microliters of 5 M sodium cyanoborohydride solution in 1 M NaOH 
(Aldrich) is added to each ml of the SAg solution. 

6. The reaction is mixed g^tly and incubated at room tenqpcrature for 72 hours or 4**C for 1 
week. This reaction reductivdtyaininates the reducing end of the polysaccharide (at the poi^^ 
was deaved by the endogjyooceranudase) to the amine grcH^ on the SAg protein cr^ 
conjugate coupled through a secondary amine linkage. The degree of polysaccharide coupling can 
be controlled by limiting the time of reaction. 

7. Remove unreacted carbohydrate and cyanoborohydride by gd filtration on Sq;)hadex G- 
25 or by dialysis. 



113 



In a second method, SAg-GalCer, SAg-GalCer<X)l, SAg-glycosphingoUpid, or SAg- 
glycosphingolipid-CDl complexes or S Ag conjugates given in secton 55 are produced which have 
the added benefit of presenting the glyco^lceramide in a polyvalent array which is important for 
high affinity landing to conq)lementary receptors. They retain nearly all of their original structure 
including most of the ceramide moiety and the entire oligosaccharide chain. The principle of 
^cpmliondmvedfsomMahoneyJAe^ 17-27 (1994) is as follows. The 

f attsr add amide is bydiolyzed from the i ntact gangUoside converting it to its lyso form which has 
a unique primary amine at the 2-position of sphingosine. The lysogang^oside is treated with a 
bifunctional cross-linking reagent, sucdnimidyl 4(N-malciniidomethyl)cyclohexane 1-caiboxylate 
(SMCC), which forms an amide bond to the 2-position of sphingosine and resuhs in a suMrydryl- 
reactive maleimidyl moiejy attached through a linker arm, to the original position of the fetty add 
amide on the ccramide portion of the ganglioside. The SAg protdn is treated with areagent,N- 
sucdnimidyl S-acetylthio»»tate (S ATA), which converts the lysine e-ammo groups to acetylated 
sulfhydiyls. Subsequent treatment with hydroxylanune rweals the desired free sulfhydr^^ 
Treatment of suKhydryl-derivatized SAg with maleimidj^l derivatized ganglioside results in a 
stable thioester linkage between the ganglioside and the protein. The final product is 
chronuitpgraphicalty purified and characterized by protem and carbohydrate analy^ TheSAg- 
GalCer or SAg-glyoosphingolipid complex is then loaded onto a soluble CDl receptor. 

IJ^'s and pefddoglycaiis are conjugated to SAg by niethodsweUdescriM Themost 
convenient and preferred method to target specifically the polysaccharides on the protdn is 
through mild sodium periodate oxidation. Periodate dcaves ac^acent hydroxjl groi^ in sugar 
residues to create higMy reactive aldehyde functional groups. The generated aldehydes areused 
to in coi^}ling reactions with amine or hydrazide containing molecules to form covalent linkages. 
Amines read with formyl groups mdsx reductive amination conditions using a suitable redudng 
agent such as sodium cyanoborohydride. The result of the reaction is a stable secondary amine 
linkage. Hydrazidesqwntaneously react with aldehydes to form hydrazone linkages, althw 
addition of a reducing agent greatly increases the cffidency of the reaction and tiie stability of the 
bond. (See Hermanson, GT. Bioconiugate Techniques. Academic Press. San Diego Ca. 1996). 

Ptpduction o f Li posomes Displaying Glvcolioid or Apolipomote in or oxvLDL-SAg Complexes 

Upcwomes composed ofthe highly inmamogeniccoristiucts described he They 
may indude lipoprotdns such as SAgs coiq>led to Gal, GalCcr, SAg-glyco^>hingDlipid, SAg- 
gtycosylceramides, S Ag-phytosphingoli|M^ SAg-mycosphingolipid and SAg-lipid conjugates 
^ven in section 55. Liposomes comprising SAgs conjugated to apolipoproteins or oxyLDL 
receptors aie useful for targeting endothdial or macrophage oxyLDL reoei^ors in tumor 
micTovasculature. Other SAg conjugates e.g., SAg-glycosphingolipid. SAg-glycosylceramides, 
SAg-phyto^)hingolipids, SAg-mycosphingdipid arc useful in immunizing T cdls, NK cdls and 
NKT cells. Catioiuctiposomesarealsousefidasameansoftnmsfeningthermcldcadd 
constructs of this invention to tumor tissue. GdiCer (a monogalactosylceramide) comprises the 
major portion (rf the liposome. The most effective lengths of fatty acyl chain and sphingoane (or 
ceramide) base are C26 and C18 respectively and a phytosphingosine backbone. Sphin^lii^ds 
lend structural advantages to the integrity of lqx>sornal membranes and have prolonged duration in 
vivo. The Gal caibol^drate epitope is liiiked to liposonnes via the arnphipatMcf^ 
sud^ sphingolipids. The is corrverted to a glycoliirid with a sj^ngosiiie backbone 
possessirig a hydrophobic fatty add tail that einbeds them into merrdsrane bil^^ The 
faydrophilic carbohydrate ends of these amphipathic molecules can interact with molecules 
dissolved in the surrounding envinmment. Sphingosine glycolipids consisting of 
lactosylceramide, GalGal(l-3)Gal(l-4)GlcNAc-R) or glycosphingolipids with terminal Cfal(al- 
4)Gal are prepared in a maimer similar to that of sphingoli{Hds. All methods of preparation of 
liposomes have several stq» in conunon: ( 1 ) dissohition of the lipid mixture in an organic solvent, 
(2) dispersion in an aqueous phase, and (3) fractionation to isolate the correct liposomal 
populatioTL 
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La the first stage, the desired mix of lipid components is dissolved in organic solvent (usually 
chloioform:methanol (2: 1 by volume) to create a homogenous mixture. This mixture includes any 
phospholipid derivatized to contain reactive groups as well as other lipids used to form and 
stabilize the bulk of the liposomal structure. The correct ratio of lipid constituents to form stable 
liposomes is important A teliable liposomal composition for encapsulating aqueous substances 
contains molar ratios of ledthin:cholesterol:neg9;tivcly charged phospholipid (e.g., phosphatidyl 
glyceiol) of 0.9:1:0.1. Apolipc^nuteins (e.g., LP(a)) or osyLDL (e.g., 7b-hydroperoxycholesierol 
or 7b-hydropero?^-choles-5^n-3B-ol) can substitute for cholesterol in the preparation of the 
liposomes. In general^ to maintain membrane stability, the PE derivative should not exceed a 
concentration ratio of about 1-10 molPE per 100 mol of totallipd. Once the desired mixture of 
lipid components is dissolved and homogenized in organic sohent, several techniques are used to 
disperse the liposomes in aqueous sohitioa These niethods are broadly classified as (1) 
mechanical dispersion, (2) detergent-assisted solubilization, and (3) solvent-mediated dispersion. 
V^th mechanical dispersion to form vesicles, the lipid solution is dried to remove all traces of 
organic solvent prior to dispersion in aqueous media. The dispersion process is key to producing 
liposomal membranes of the correct morphology. Methods utilized include simple shaking, high 
pressure emulsification, sonication, extrusion through small-pores membranes and various freeze- 
thaw techniques. Detergent-assisted solubilization is also used to iKing the lipid mote ^ectively 
into the aqueous phase for dispersion. Triton X, alkyl glycosides or bile salts such as sodium 
deoxycholate are enqdoyed. Other modalities or dispersion include the steps of dissolving 
phospholipids and other lipid to be part of the liposomal membrane in ethanol. This ethanoHc 
solution is then r^dly injected iitto an aqueous solution of 0. 16 M KCl using a Hamilton ^^linge 
resulting in a maximum concentration of no more than 7.5% ethanol. Using this m^od, single 
bilker liposomes of about 25-nm diameter are produced. To remove the excess aqueous 
components that are not encapsulated during the vesicle formation, gel filtration using Sephadex 
G-50 or dialysis is em|>loyed. To fractionate the Uposome population according to size, gel 
filtration is carried out using a colunm of Sepfaarose 25 or 4B 

SAgs are conjugated to the GalCer or glycosphingolipids with terminal Gal(al-4)Gal, 
apolipoproteins, LDL or oxyLDL or LDL receptors before incorporation into the liposomal 
membrane or th^ may be incorporated into the membrane during the {separation of the liposomal 
membrane. likewise; the SAg is conjugated to GalCer or glycosphingolipids with terminal 
Gal(al-4)Gal at the glycolipiif s polar head region by methods well known in the art including 
using heterobifimcdonal crosslinkers or periodate oxidation techniques. Alternatively, after the 
GalCer or glycosphic^lipids with terminal Gal(al-4)Gal is incorporated into the membrane, the 
liposomes are derivatized for further binding to the S Ag proteins using the sodium periodate 
which oxidizes the ceramide*s firee hydroT^rl to an aldehyde which is fiirther modified by reductive 
amination. Using the i^iosphatidylethanolamine of the lipid in the liposome, SAgs are coupled to 
the liposome using various bifimctional agents including carbodiimide, g^utaraldehyde, dimethyl 
suberimidaie, periodate oxidation followed by reductive amination, N-succinimidyl 3-(2- 
pyridyldithio)pTopionate (STOP), sucdiuxudyi-4-<p-niaIeirnidq)hexo^l)bui^ (SMPB), 
iodoacetate, suocitiin]idyl-4-(N-inaleiimdometliyl) cyclohexane-l-carbo?^late (SMCC). 
Two general methods are used to prepare inurmnog&nic (i) SAg-GalCer, (ii) GalCerGal, (iii) 
GalCerGal-SAg and (iv) SAg-gtycosphingolipd complexes: The molecules (1) are dissolved in 
solution and encapsulated within the vesicle construction, or (2) covalentfy coupled to 
phospholipid constituents in the lipids using standard cross^linking chemical reactions. Covaleru 
ooupIingofSAg to liposomes is done through the head groups u^ng various phospholipid 
derivatives aitdcross^linking chemical reactions. These are done via the FE molecules. Simple 
encapsulation is also a viable technique as described in Hermanson {supra) . 

Asanqde method using periodate oxidation and reductive amination is given below. 

1. AS mg^ml liposome suspension is prepared in 20 mM sodium phosphate 0.15 M NaCl, 

pH 7.4. containing, on a molar ratio basis as mixture of phosphati^l choline: 
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cholesterol:phos[^ti<fyl glycerol of 8: 10:1. Other liposome compositions may be used, for 
example m^ods without cholesterol, as long as a periodate-oxidizable component containing 
vidnal hydio^^ls (e.g., phosphatidyl glycerol) is present. Any method of Iqjosome formation may 
be used that is common to those skilled in the art including mechanical dispersion. 

2. Sodium periodate is dissolved to a concentration of 0.6 M by adding 128 mg/ml of water. 
200 ml of this stodc periodate solution is added to each mol of the liposome suspension with 
stirring. 

3. React for 30 milt at room temperature in the dark. 

4. The oxidized liposomes are dialyzed against 20mM sodium borate, 0. 15 M NaCl, pH 8.4, 
to remove umeacted periodate. This buffer is ideal for the subsequent coupling reaction. 
Chronaatographic purification using a column of Sq>hadexG50 is also doTO^ Theperiodate- 
oxidized liposomes are used immediately to couple with S Ag molecules or they may be stored in a 
lypidiilized state in the presence of sorbitol for later use. 

5. SAg is added to the periodate oxidized liposome solution to obtain a 1 mg/ml 
concentratioa 

6. In a fimfte hood, add 20mIof5M sodium cyamiborohydride solution in IMNa 
(Aldrich) to eadi ml of the SAg solution. 

7. The reaction is mixed gently and incubated at room temperature for 6 hours. 

8. Excess SAg and (^aitoborohydride are removed by size exclusion chromatography on a 
colunm of Sephadex G-50 or by dialj^ using a membrane with a molecular weight cutoffof 
100,000 daltons. 

9. Ganglioside antigens isolated by the method described previously are incorporated into 
SAg-containing liposomes by detergent dialysis. An amount of ganglioside is added representing 
twice the amount of phosphatidyl glycerol (on a molar basis) originally added to form the 
liposome (prior to periodate oxidation). To this solution, concentrated sodium deoxycholate is 
added to obtain a final concentration of 0.7% (wAv) and mixed thoroughly using a Vortex mixer. 
Finally, the liposome suspension is dialyzed against PBS, pH 7.5. A sample of the enc^)sulation 
technique is given in Hermanson, supra. 

An additional method for preparation of liposomes containing GalCer or glycosphingolipids with 
terminal Gal(al-4)Gal is as follows: The donor liposomes consist of liver phosphatidylcholine, 
dicetyl phosphate, cholesterol, 3-(Manl-3Man^-l,2diacylglycerol) and ^actosylceramide. 
These are mixed in various percentages to permit optimal expression of the galacu>sylcerainide. 
Constitueitt lipids in cMoroform-methanol are mixed aiui dried under a stream of n^ Buffer 
consisting of 0.15M NaCI, 10 MM sodium Phosphate, pH 7.4, 1 mM dithiothreitol, 0.02% NaN3 
is added to the dried lipids at a vohune of 1 ml per 0.9 mmol of lipid i^osphorus in the donor 
liposomes. After a 30-min incubation at 25*^C, the lipids are dispersed into the buffer by 
sonication with a Bransom sonifier for 30 min under nitiogen at O^'C. The liposome suspension is 
used the sarne day alter centrifugation at 1500g for 30 niin to remove aiQ^ urid^ 
titanium fiagments rdeased firom the sonication probe. 

Liposomes used for transf^ of nucleic acid constructs given herein have unique structures as 
described below. Acatioiuchposomeconqx>sedofdin^ri5^io3Qi»ropyl-3Klim 
ammonium (DMRIE) with DOPE has allowed up to 100 fold higher ooix:entratioiis of lipid and 
DNA 10 be adniiiiisteredMvjvo with miniinal toxicity. Inqjioved trarisfection techiiiques have 
been c^»erved with the DMRIE/DOPE of two to seven fold. The prototype cationic lipid for gene 
transfer is DOTMA (N[H2,3«dioleyloxy)iHOpyl]-N,N,N-^-methylamiiionium chloride) which is 
mixed with a equimolar amount of DOP£ (dioleoyl plK>sphatid^lethanolamii^). The lipid 
IXDHiMAATOI^oonqmsethecatioriiciiposoncieknownaLip^ For human studies, two 
different cationic liposomes formulations are used. The first includes DC-chotesterol(3b[N-(N7*^- 
dimethylam]noethane)-carbamoyl] cholesterol) mixed with DOPE. DC-cholesterol/£)OP£ is low 
concentrations has proven to reduce toxicity to cells invitro^is metabolized in wo, and has 
provided successful gene transfer into malignant tumors in humans (See Example 17 for use in 
humans). 
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Genetic Fusion of S Aes to LPS's 

N-linked gtycosylation occurs exclusively in the ER, where C^c3Man9GlcNAc2 is added to Asn 
residues present in the sequence Asn X Ser/Thr (X, any residue excq)t Pro). To produce a 
glycos^lation site n a SAg capable ofbinding a IPS, reconibinantvaodnia virus expressing SA^ 
is pro(^iced with Glnl49 or Asnl49 directed to the ER by appendage of NH2-terminal ER 
insertion. The SAg is directed to the secretory pathway using signal sequence fiom IFN. 
RecomtnnantvacdniaviiusesCrWs) expressing TAP and SAgnucl^^ Thefiill 
length S Ag gene modified by standard molecular genetic methods to encode glycosylation sites is 
inserted into the thymidine kinase locus of vaccinia viruses (Ws) by homologous recombination 
as descnbed using the pSXl I plasmid to express foreign proteins under the control of the W p7.5 
early/late {Komoter. SAg nucleoprotein is directed to the secretory pathway using the signal 
sequence from IFNb. The SAg coding sequences ofalloftherWs are verified by sequencing 
PCR-amplified copies of fiilJ-length MP genes isolated from the rW. The resulting SAg-LfS or 
SAg-lipoprotein complexes are used to immunize a population of T or NKT effector cells for use 
in the adoptive inununotherapy of cancer (Examples 2, 5, 7 IS, 16, 18-23). They may be 
preloaded onto CD 1 or MHO Class I or n recqstors on APCs as described below in the course of 
ex v/v<7 immunization. Hiese complexes may also be used /n Wvo as a preventative or therapeutic 
antitumor vaccine as in Example 14, 15, 16, 18-23). 

Prepy^tion pf Fusion ftnofcin^ 

Preferred fusion proteins comprise S Ags linked to other proteins or pqjtides such as VTs or their 
A andB subunits, IFNa receptors, CD19 peptictes or caibol^rdrate recognition units which are 
designed to target the SAg to glyoosphingolipid receptors on tumor celts or avb3 ligand Arg-Gly- 
Asp or avbS iigand Asn-Gly-Arg in vivo or in vitro. These fusion proteins induce apoptosis of the 
tumor cells. The fusion proteins are produced by conventional mi^ods in a varied of cells using 
a vari^ofvectors such as phage 1 regulatory sequences. Techniques are well established for 
producing fusion proteins that include the lacZ protein(b-galactosidase), trpE protein, glutathione- 
s-transferase, and thioredoxin. Expression in E. coli is most conventional but baculoviral 
expression systems are also useful. Fusion proteins are produced in bacteria fay placing a strong 
regulated promoter and an efficient ribosome-binding site upstream of the cloned gene. 
Exemplified below is a procedure using a representative iacZ vector. However, it should be 
recognized that other vectors weU known in the art would be useful. Plasmids encoding the above 
proteins are prepared as previously described. 

Construction of Expression Plasmids and Detection of FusiO Ti Pm^einjy 

1. The appropriate piUR (or pEX or pMRlOO) vector is ligated in-ffame to cDNA fragments to be 
expressed as flision partners using the abcve plasmids to create an in-firaniefi^ cDNA encoding the ^ 
verotoxins im^ be obtained fiom Dr. G. Lingwood, University of Toronto; murine p3 1 Fi are fiom Dr. R. 
Germain, National Institutes Health and J. Miller, University of Chicago. 

2. Bacteria of the following strains are transformed: E. coli K12 71/18 or JM103 with pUR vectors, 
M5219 with pEX vectors or LG90 for pMRlOO vectors. The ceUs are plated on LB medium containing 
ampidllin (100 rag/ml) and incubated overnight at (or ao^C m the case of the pEX vector). 
MacConkey lactose indicator plates should be used for pMRlOO. 

3. Individual colonies are tested for the presence of the desired insert by plasmid minipreps. 
If most of the colonies can be asamied to contain a cDN A (because directional cloning or a 
d^osphoiylated vector was used in step 1), they can be screened for protein production in parallel (see 
st^4b). ff not, clones that contain a cDNA, as deteixnined by plasmid nunipreps, 

protein e?qiression later. cDNA inserts into a pMRlOOplasnud can be detected readily as red colonies on 
the MacConkey lactose ittdicatcH" plates. 

4 . Colonies are screened as follows for expression of the fusion protein. 

a. Grow small cultures from 5-10 colonies in LB medium containing ampidllin (100 mg^ml). 
Incubate overnight at 3r*C (or at 30*'C for pEX). 

b. Inoculate 5 ml of LB medium containing ampidllin (100 mg^ml) with 50ml of eadi overnight 
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culture. Incubate for 2 hours at 3rC (or at 30°C for pEX) with aeratioiL Remove 1 ml of 
uninduced culture, place it in a microfiige tube, and process as described in steps d and e. If 
screening for piotein jxoduction is being done in parallel, prepare plasmid miniprqw fiom 1-ml 
aliquots of the ovemigjit cultures. 

c. IndiK» each culture as follows: Fox pUR or p^mlOO vectors, add isopropylthio^>I>-gal^ 
(IPTG) to a final concentration of 1 nM and continue incubation at ST^C with aeration. For pEX 
vectors, transfer the culture to 40°C and continue incubatmg with aeration. 

d At various time points during the incubation (i.e.. 1, 2, 3, and 4 hours), transfer 1 ml of each 
culture to a miaofoge tube, and centrifuge at 12,000 g for 1 minute at room temperature in a 
microfiige. Remove the supernatant by asi»ratioa Thekmeticsof induction varies with different 
proteins, so it is necessary to (fetermine the time at which the maximum amount of product is 
produced 

e. Resuspend each pellet in 100 ml of 1 x SDS grf-loading buffer, heat to lOO'^C for 3 minutes, and 
then centrifuge at 12,000g for 1 minute at room temperature. Load 15 ml of each suspension on a 
6% SDS polyacrylamide gel. Use suspensions of cells containing the vector alone as a control. 
(For pEX and ORF vectors, also use b-galactosidase as a control.) The fusion protein should 
appear as a novel band migrating more slowly than the intense b-galactosidase hand in the control. 
It is not uncommon for a protein the size of b-galactoadase to be present along with the fusion 
protein. 

Composition of 1 X SDS l-lAjwtinp; ^mflfer 

50mMTrisCI(pH6.8) 

100 mM dithiothrdtol (DTT) 

2% SDS (electrophoresis grade) 

0. 1% biomopheiu)! Uue 

10% glycerol 

1 X SDS g^l-loading buffer lacking dithiothrritol can be stored at room temperature. Dithiothreitol should 
then be added, just before the bufifer is used, firom a 1 M stode 

T^dinp; ftf S Ag-LPS. SAg-LtpoPTOteia SAg-Lii»d, SAg-Glvcolitrid or SAg-Phytolipid Conjugates on to 

CDl or MHC Receptors 

¥Gt loading of SAg LPS or SAg-lipoprotein SAg-lipid, SAg-gJycoUpid SAg-phytolipid 
conjugates or SAg-Uind complexes from section 55 onto CDl receptors, recombinant soluble 
CD1-2M complexes in Drosophiia melanogaster cells are used to screen a random pqjtide phage 
display hTwaryCRPPOL). The absence of peptide-loading machineiy in D. melanogaster cells 
results in the expression of class 1 molecules that are properly folded and functionally competent 
but essentially devoid of bound pelade. This approach has been shown to be useful in defining 
peptide binding motifs for classical and nonclassical MHC Class I aitd Class n molecules. 
(Jackson et al, Proc, NatL Acad 89: 1217-1224, 1992; Hammer et aJ,, J. Exp. Med 175,1007- 
1012, 1992; Hammer «^ al.. Cell 74, 197-201, 1993). Each clone of SAg-lipoprotein contains a 
random 22 -amino add sequence at the mature NH2 terminus of the gene vni (filamentous coat 
protein of the MlSbacterioiAage). Recoinbinant soluble mCDl is engineered with a C-terminal 
h^^ggi iirin iti (HA) lag, an epiuye derived from the influenza HA protda In this way, the 
mCDl-phagB complexes are identified with a HA tag specific antibody. For immunizing usage, 
isolated receptor or antig^ jnesenting cells of various types which e^qsress CD 1 or MH(^ class II 
molecule pretreated with fi)rmaldehyde may be used for loading the SAg4JPS or SAg-lipoprotein 
oonqjlexes. These APC^s with bound coinplexes are then used to immunize T cells or NKT cells 
for use in adoptive immunotherapy of cancer (Examples 2, 7, 15, 16 18-23). 

Incorporation of Exogenous Li pid e.g. Glvoolipid, Phvtos phingosine, Aix>liT)Oprotdn or oxyLDL into Cells 
bv Fusion with Liposomes 
Liposomes 

To prepare glycolipid, phytosphingosinc, apolipcqjrotdn, oxyLDL or reoqitor containing 
liposomes, 400 mg of galalMOsylceramide (Cih2) globotriosylceramide (Gb3), 
globotetraosyloeranude (Gb4), galactosylccramide (GalC^),gJuoosylceramide (GlcCcr), 
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phytoshpingosine, oxyLDL or apolipoprotdn are dried with 200 mg of phosphatidlylethanolamine 
(PE)and200mgofphosphaticfylserine(PS)un(fcrastreamofm^ ofsterile 
isotonic PBS, pH 7.4, is added to the Hpid, and the mixture is sonicated using a water hath 
sonicator for 30 minutes. Liposome prqparations are used immediately. 

To incorporate exogenous glycolipid into cells, tumor cells in late logarithmic growth phase, 
sidded erythnxrytes or vesicles (1.6 X 10 cells) are washed twice with FBS to remove serum 
proteins and then suspended in senmi-fro RIME 1640 medmm at 4 X 10 cells/ml. Thecellsaie 
incubated in the presence of the liposomes (or PB S for controls) prepared as above with rotary 
shaking (100 rpm) at 3TC for 1 hr., washed twice (5 min. 800 x g) with PBS. and incubated for 
18-24 hr at 37*0 in the presence of medium supplemented with 10%fbtal <^ serum prior to use. 

Membrane & Vesicle Transfers 

Exogerums lipids e.g., galactosyioeramides from proximal tubular epithelial ceils, MDCK 'canine 
renal cells or phyto^hinosine from amphibian cells are incorporated into dendritic cells or tumor 
cells or dendritic cell (accessory cell)/tumor cell fusions as follows: 

Preparation of Plasma Membrane . 

Plasma membrane fractions are jnepated and analyzed as described (Monneron A et al., J Cell 
BioL 77; 21 1-23 1 (1978)). Only the lightest fractions (band 1 at the interfece between buffer and 
P 22.5% sucrose and band 2 at the inter&ce between 22.5% and 35% sucrose), containing pure 

H plasma menibrane vesicles, are collected and pooled. From 10 cells, 0.8-l.Omg of protein is 

recovered in the oomhitted fraction. The plasma membrane enzyme markers 5'-nudeotidase (EC 
in 3. 1.3.5) and alkaline phosphatase (EC 3. 1.3. 1) are enriched 30-foId and 70-foId, reqsectivety, over 

M Uie homogenate; no activi^ofthe cytoplasmic enzyme lactate dehydrogenase are fMuuL No traces 

'-• 4 of RN A or DNA contamination are found The menibranes obtained are either immediately frozen 

^=1 in aliquots at -70 C or used at once. 

m 

3 Reconstituted Vesicles. 

M Three types of vesicles are prepared as follows: fi) reconstitution of solubilized Sendai virus 

f [J envelopes (V vesicles), (It) recon^tution of solubilized plasma membranes (PM vesicles), and 

^il fiii) Goreconstitution of sohibilized Sezulai virus envelope and plasma membranes (VPM vesicles). 

Sendai virus (20 mg of protein), solubilized in 2 ml of resolution buffer containing 2% Triton X- 
100 for 1 hr at room temperature, is centiifriged (1 hr. 100,000 Jfg) to yield a dear supernatant 
(1.5 mg of protein per ml) containing mainly the two envelope glycoproteins, 
neuraminidase^hemagglutinin glycoprotein (NH) and frision giycoptotein (F). For preparation of 
VFM vesicles, freshly solutnlized plasma membranes (1 mg of protein per 0.3 ml of resolution 

0 

bufrer containing 1% Triton X- 1 00, 20 min, 4 C) are mixed with the solubilized viral envelopes ( 1 
mg of protein per 0.7 ml of resolution buffer) and dialyzed in Spectrapor membrane-2 against 
1000-fbld excess of reconstitution buffer containing 1.5 g of wet Bio-beacib SM-2 per liter [for 
efficient removal of the deter^gent]. Fbd and V vesicles are prepared fay the same procedure except 
that one of the components was omitted and rq>laced by resolution buffer alone. Dialysis is 

continued for 96 hr at 4 C until the Triton X-100 concentration dropped below 0.02%. The 

0 

dialyzed solutions are oentrifuged at 100.000 A^g for 3 hrat4 C to obtain reconstituted vesicles. 
The pellet is suspeniied in 0.3-0.5 ml of resolution buffer, divided into small aliquots, and frozen 

at -70 C. Each aliquot is thawed only once for fusion e?q)eriinents. 
Fusion of Reconstituted Vesicles with Tumor Cells . 

Tumor cells (10 cells) are irunibated with 5-30 mg of protehi of reconstituted vesicles ip 1 ml of 

0 

frision solution After 60 innrat^4 C with occasional shaking, during which the Sendai virus 
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bound to the cells, the cells are collected fay centii^gation, resuspended in 1 ml of fusion soluti n 

2 0 

containing 5 mM Ca and incubated at 3 7 C for 30 mm for the &sion process. The cells are then 
washed with phosphate-buffered saline (pH 7.4) and su^)ended in RFMI-1640 medium containing 
5% (voWol) heat-inactivated fetal calf serum. 

Assessment of Incorporation . 

Tumor cells are analyzed for uptake of the various gfycolipids, apolipoproteins, oj^LDL, 
phyto^hingosine, glycosylceramides by use of direct staining with specific antisera, binding by 
lectin receptors and they are tested in vitto for activation of T cells* NK cells, NKT cells using 
proliferative assays and induction of cytokines IL-2, IL-4, IL-12 and IFN-g by methods well 
established in the art 

Example 6 

Targeting SAg Nucleic Acids, Phage Display Systems and Polypeptides to Tumor Sites 
Parenterally administered nucleic acid is targeted to a particular cell population as follows. 
Nucleic add is attached to a desial^ated galactose moiety that targets asialo-orosomuooid 
receptors in liver cells. Nucleic acid is attached to other ligands such as transferrin and TAP-1 as 

well as antibodies to surface structures such as the Le^recq)tor. These ligands and antibodies 
bind to sur^ structures and are imcmalized. Thus, the attached nucleic add is delivered to a 
cell of choice. 

Sickled Ervthiocvtes as Gene Carriers 

Eiythrocytes from patients with sickle cell anemia contain a high percentage of SS hemoglobin 
which under conditions of deoxygenation i^grcgate followed by the growth and alignment of 
fibers transforming the cell into a classic sidde shape. Retardation of the transit time of sickled 
eiythrocytes results in vaso-ocdusion. SS red blood cells have an adherent sur&ce and attach 
more readily than normal cells to monolayers of cultured tumor endothelial cells. Reticulocytes 
fipom patients with SS disease have on their surfiice the integrin complex a4bl which binds to both 
fibronectin and VCAM-1, a molecule expressed on the suifsoe of tumor endothelial cells 
particularly after activation by inflammatory cytokines such as TNF, inteiieukins and lipid- 
mediated agonists (prostacyclins). Activated tumor endothelial cells are typically proooagulant 
Similar molecules are upregulated on the neovasculature of tumors. In addition, uprpgulation of 
the adhesive and bemo^atic properties of tumor endothdial cells are induced by viruses, such as 
herpes virus and Sendai virus. Sickled erythrocytes lack structural malleability and aggregate in 
the small tortuous miciovasculature and sinusoick of tumors. In addition, the relative hypoxemia 
of the interior of tumors induces aggregation of sidded erythrocytes in tumor microvascdature. 
Hence^ sickled erythrocytes with their prodivity to aggre^ and bind to the tumor endothelium 
are ideal carriers of therapeutic genes to tumor cells. 

Red blood cell mediated transfection is used to introduce various nucleic acids into the sickled 
eiythnxTtes. The extremely plastic stnicture of the erythrocyte and the ability to remo^ 
cytoplasmic contents and r^eal the plasma membranes enable the entrapment of different 
macromolecules within the so-called hemogldTin ^ **ghost.** Combining these ghosts and a 
fusogen such as poly^h^ene glycol h^ permitted the introduction of a variety macromolecules 
intomammaliancells(Wiberg,FC€/CT/.,NucleicAddRes. 11:7287-7289(1983); Wberg,FCer 
aL, M61. C:ell. Biol. 6: 653-658 (1986); Wibetg, FC et a/., Exp. Cell Res, 173: 218-227 (1987). 
Bcnh traiisiem and ^able expression of introduced DNA are acMeved by this method. Sickled 
cells can also be transfected with a nucleic add of choice e.g., apolipoproteins, RGD in the 
nudeated prer^culocyte phase (e.g.proeiythroblast or normoblast stage) by m^hods given in 
Example 1. Sickled erythrocytes tratisfected with rmddc adds encoding a SAg and/or 
carbohydrate nuxlifying enzyme to induce ex^xession of the a Gal epitope, apolipoproteins, KGD 
and/or atty construct described herein. Nuddc adds encoding additional polypeptides alone or 
together with SAg as described in Tables I and n to including tot not limited to angiostatin. 
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apolipopiotciiis, RGD, streptococcal or sti^hyloooccal hyaluronidase, chemoldnes, 
chemoattractants and St^hylococcal protein A are transfected into and expressed by siclded 
eiyduocytes. These sicled ceU transfectants are administered parenteralty 
neovascular endothelial sites where they induce a anti-tumor response^ The methods of mWvo 
transfectionoftumor cells are given in the Examples 17. Protocols fi»r use of these transfectants 
in the induction of ami-tumor imnmne response are described in Exanqjles 14, 15, 16, 18-23, 3 1 

Vesicles from Sidded Erythrocytes 

Vesides from sicMed erythrocytes are shed from the parent cells. The contain membrane 
phosphoUpids which are similar to the parent cells but are depleted of ^lectri^ Theyalso 
demonstrate that a shortened Russell's viper venom dotting time by 55% to 70% of control values 
and become more rigid under acid pH conditions. Rigid sickle cell vesicles induce 
hypercoagulability, are unable to pass through the splenic circulation from which they are rapidfy 
removed Sidded erythrocytes are transfected in the nudeated prereticulocyte phase with , 
Kiperantigen and apolipofHioteinimddc adds as well as RGD mideic adds. . Nucldcadds 
encoding additional polypeptides alone or together with S Ag as Ascribed in Tables I and II are 
transfected into and expressed by sidded erythrocytes. Ar^ of the the immature ormaturesickled 
erythrocytes and their shed vesicles expressing the molecules given in Tables I and II are capable 
of localizing to tumor microvascular sites where they bind to apo lipoprotein receptors and induce 
an anti-tumor effect Because of their adhesive and hyperooagulable properties as wdl as their 
rigid ^ructure, these sidded cdl vesicles expressing superantigen and apolipoproteins are 
espedally useful for targeting the tumor microvascular endothelium and produdng a 
protbrotnbotic, inflammatory anti tumor effect. Sickled erythrocytes and thdr vesicles are capable 
of acquiring oxyLDL via fusion with o^^LDL containing liposomes as in Example 5. The 
resulting sickle cell or liposome expresses oxylDL alone or together with S Ag. Binding of 
oxyLDL to the SREC receptor on tumor microvascular endothelial cells induces BcfXfploAs and 
^multaneous superantigen (teposition produces a potent T cell anti-tumor effect. 

Vesicles are prepared and isolated as Mows: Blood is obtained from patients with homozygous 
si<^e cell anaemia. The PCV range is 20-30%, reticulocyte range is 8-27%, felal hemoglobin 
range is 25-13% and endo^ous levd of JSCs is 2-8% Blood is collected in heparin and the red 
cells are separated l7y centrifugation and washed tluee times with 09% saliri^ 

at 37^0 and 10% PCV in Krebs^Ringer solutions in which the normal bicarbonate buffer is 
replaced by 20 mM Hepes-NaOH buffer and \Mch contains either 1 mM CaCi2 or 1 mM EGTA. 
All solutions contain penidllin (200 u/ml) and strc^mycin sulphate (100 ug/ml). Control 
sanq;^ of rionnal erythrocytes are iricubated in paraUd with the sicUe cells. Incubations of 10 
ml aliquots are conducted in dther 100% N2 or in room air for various periods in a shaking water 
bath (100 oscillations per mm). N2 overlayii^ is obtained by allowing specimens to equilibrate for 
45 mm in a sealed glove box (Gallenkamp) which was flushed with 100% N2. Residual o^Qrgen 
tension in the sealed box was less than 1 mmHg. The percentage of irreversibly sickled cells is 
d^ermined by counting. 1000 cells after oxygenation in room air for 30 mm and fixation in 
buffered saline (130 mM CI, 20 mM sodium phosphate, pH 74) containing 2% glutaraidel^de. 
C^lls whose length is greater than twice the width and which possessed one or more pointed 
extremities under oxygenated conditions are considered to be irreversibly sidded. After various 
periods of incubation, odls are sedimentedat 500gfor 5 nun andmicrovesides ) are isolated from 
the supernatant solution by oentrifugation at 15,000 g for 15 mm The microvesides form a firm 
bright red pdlet sometimes overlain by a pink, flocculent pellet of ghosts (in those cases where 
lysis was evident) which is removed by aspiratioa (Quantitation of microvesides is achieved fay 
resuspension of the red pellet in 1 ml of 05% Triton XlOO followed by measurement of the optical 
density of the dear solution at 550 nm. Optical density raeasuronents at 550 nm give results that 
are relatively the same as measurements of pho^holipid and cholesterol coruent in the 
microvesidesL Cell lysis is determined by measurement of the optical density at 550 nm of the 
dear sl^)ernatant solution remaining after sedimentation of the microvesides. Larger sanqp^les of 
microvesides for Inodiemical and morphological analysis are piqsared from both sickle and 
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normal cells following incubation of up to 100 ml of cell suspension at 37 C for 24 h in the 
absence or presence of Ca . Ghosts arc piepated firom ackle cells after various periods of 
incubatioa The cells are lyscd and the ghosts washed in 10 mM Tris HQ buffer, pH 73, 
containing 02 mM EGTA. 

These vesicles are useful as a jweventative or thenq)eutic vaccine as in Examples 15, 16, 18-23, 

36. 

Phafie Displayed SAes 

Phages displaying or free tumor homing p^des 11 gands such as the tnpeptides Arg-Gly- Asp and 
Asn-Gly-Arg which tnpeptides bind to the integrins avb3 and avbS, respectively, that are located 
on tumor microvasculature, are conjugated to (1) a SAg peptide, (2) naked DMA encoding a SAg 
pej^de or (3) phage displ^ng a SAg peptide. These constructs are pr^red as in Examples 3 
and 5 and are further described in Jadcson RH. et aL, In: Protein Engineering: A Practical' 
Approach, A.R. Rees et aL (cds), pp. 277-301, Oxford Press, London, 1992. Similarly tumor cells 
or sidded cells transacted with and expressing S Ags and otter molecules given in Tables I and 11 
are also transfected with nucleic adds encoding RGD which Volitates thdr localization to tumor 
microFvasculature. These conjugates or transfectants are administered i.v. and localize to the 
tnpeptides' integrin receptors situated on the tumor micnTvasculature. Neovascular endothelial 
cells to which these constructs have been targjeted are transfected by S^-encoding DN A so that 
they express or secretes Ags locally. This induces potent local T cell activation and engender a 
nmioricidal immune response. Protocols for use of such conjugates, i.e., (1) naked SAg DNA 
conjugated to the integrin-binding peptides or (2) naked SAg DNA conjugated to phage that 
dis|^ the integrin-binding peptides, and transfectants in the induction of anti-tumor immune 
response are described in Examples 7, 15, 16, 18-23, 31 

Nucleic Add and Nudeoprotdn SAg Mimics 

S Ags are often incapable of homing to tumor cells expressing SAg recqstors in vivo because of the 
existence of naturally occurring SAg-spedfic antibodies and the afGnity of SAgs for dass II 
receptors on a wide variety of cdls. To solve this problem, DNA chromatograpliy is used to 
identify digonudeotides instead of SAg p^des that bind to SAg recqytors which are naturally 
expie^ed on tumor cells. The SAg receptcnr-spedfic oligonucleotides are conjugated to a SAg 
peptide with a functional TCR or NKT cell binding site. Oligomideotides are also substituted for 
peptides in the SAg molecule \Add^ bind to MHC dass recqstors and naturally occurring SAg- 
spedflc antibodies. These conjugates are used to target SAgs to tuinor cells //i vivo that dther 
endogenously express a SAg receptor or are pre-transfected with nucldc add encoding a SAg 
receptor. 

These peptide-oligonudeotide complexes are prepared by chemical conjugation mi^hods well 
known in the art. Such recqtospedfeoUgonucleotides may have several fold greater affinity 
for the SAg recqptorconqxoed to the native SAg While these peptide^ligonucleotideconq)lexes 
are used predominantly i/iWvo to target tumor cdls bearing SAg neoq^tors, they are also used 
vivo to stimulate T cells to become tumor specific effector oell which are useful for adoptive 
immunother^ of cancer (Examine 7, 15, 16, 18-23). 

In appropriate recombinant bact^ia, nuddc adds mxxhng the SAg receptor binding ^te 
expressed on turnor cells are fused to nudeic adds exioodirig SAgs. The resultant SAg 
polypeptide construct consists of the amino add sequence of a SAg and its SAg receptor binding 
site (which is overexpressed if desirecQ. The SAg with its expressed or overexpressed SAg 
binding site is useful in targeting tumor cells expressing SAg receptors after administration to a 
tumor-bearing hosL 

In a related construct, the nudeic add encodii^ a SAg with an overe;q>ressed SAg receptor 
specific binding site is fiised to the nudeic add encoding a native or chimeric SAg with its 
binding site for naturally occurrir^ antibodies and its MHC dass Ilbinding site removed, mutated 
or rqdaced by peptides fiom another SAg against which there are no known naturally occurring 
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antibodies. The TCR binding and activating region of this molecule is This resulting 

SAg polypeptide molecule binds to SAg receptors ntumorcellsbut also retains its capacity to 
activate the TCR. Itisadnunisteredparenterallyororally to a tunwr bearing host (orally tea 
colon carcinoma patient) and will effectively target tumor ceils with SAg receptors (such as colon 
caranoma cells) without being diverted by naturally occurring antibodies or class II receptor 
bearing cells present in Trfiole Wood As such, this construct is useful in producing an anti-tumor 
effect when administered to a tumor bearing host as in Example lH-23). 

Using DNA chromatography techniques, nucleic acid specific for SAg receptors on mmor cells are 
identified These nucleotides are conjugated to SAg polypeptides which are optionally devoid of 
dass 11 binding sites and naturally occurring antibody binding sites but with conserved TCR 
binding and activating sites. These constructs are useful in targeting tomor cells bemng SAg 
receptors in vivo while retaining SAg amino add sequences specific for the TCR which are 
capable of producing a tumor specific T cell population effective in adojAive immunothcraiiy of 
cancer. The selected amino add sequences are deleted, replaced or added to the SAg molecules 
using molecular cloning and site directed mutagenesis techniques wdl established in the art 

Example 7 

General Ex Hv ^ Twiwiiniyflt ion Methods tg Produce Tu mor Specific 
Effector Cells for Adoptive Tmmmiothe rapv of Cancer 
Several days (3 to 60 days) after intratumoral immunization with a nucleic add construct 
described herein, tumor draining lynqjh nodes are removed and placed in tissue culture. These 
cells are further expanded in vitro with SAg polypeptide for 2-4 days and/or IL-2 in vitro for a 
total of 3-15 days. These T cells are then harvested and reinfiised into the host T effector cells 
produced after in vivo immunization with nucldc add encoding a SAg are expected to display 
potent anti-tumor activity. 

Cells transfected ex vivo, arc administered to the host wherein they activate tymphocytes in a 
number of ways. In one embodiment, the initial step involves in vivo immunization of hosts using 
various tiarisfeaants and consinicts as described in Table n. The transfected cells are introduced 
into the host tumor, a nearby region, subcutaneously in dose proximity to regional lymph nodes, 
or the lymph nodes draining the tumor, Transfected cells types, constructs and ag^ts used in this 
step are ^ven in Table IL Tumor cdls are irradiated or treated with mitomycin C after 
tnmsfection with nucldc add encoding a SAg and/or another polypeptide so that polypeptides are 
expressed and fixed on the cell surfece and the tumor cell s do not proliferate when administered to 
the host. 

In another embodiment, the initial step involves in vivo immunizatiwi of the tumor bearing host 
with transfectants, constructs and cells as described in Table ni. These agents are administered in 
dose proximity to the regional lymph nodes with or witiiout abacterial adjuvant such as bacillus 
Calm«to<5uerin (BCG) or Corynebactenum panntm. The lymph node cells are harvested 10 
days later and tissue cultured for fiirther in vitro immunization/stimulation with SAg or SAg 
expressing cells that, optionally, ooexpress a tumor assodated antigen, costimulatory molecule or 
antigen presentiiig molecule. 

Ciyopreserved autologous tumor cells for subsequent tumor vaccination aiui culture are obtained 
ftompatients. Fresh resected tumors are (fissodated under sterile conditions into single cell 
suspensions by mechanically mincing tumor into 5-mm3 pieces foDowed by enzymatic digestion. 
Generally, 1 gmoftumor is digested in a minimum volume of 40nil of an enzyme mixture 
consisting of Hank's balanced salt solution (BBSS) containing 2.5units/ml of hyaluronidase type 
V, 0.5 mg^ml of coUagenase type IV, and 0.05 m^ml of deoxyribonudease type I (all 
coinmerdaUy available from Sigma Chemical Co.; St Louis, MO). The digestion is perfomwd at 
room ten^)»rature with constant stirring in a trypsinizing fladc for 2 to 6 hours. 

The resulting cell suspension is filtered through a layer of No. 1 00 nylon mesh (Nytek: TETKO, 
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Inc.; BriaicliflTManor, NY) and ciyopreserved in 90% human AB serum (GIBCO; Grand Islan4 
NY) plus 10% dimethyl sulfoxide (Sigma) at -178°C in liquid nitrogen for subsequent 
immunization and culture. 

Tumor cells are used in native form, with dinitrophenyl PNP) or other haptais conjugated to 
them and then inadiated or treated with cytostatic drugs prior to use. Qjtionalty, the tumor cells 
are transfected with nucleic add encoding a SA& and/or tumor associated antigen, and/or antigen 
presenting molecule, and/or costimulatory molecule, and/or adhesion molecule, and/or xenogeneic 
antigen, and/or carbol^drate modifying enzyme. The nudeic add is introduced by methods given 
previously. TTie cells are then inadiated to a dose of 25 Gy or treated or with cytostatic drugs, 
viable cells couiited by typan hhie exclusion aiid the cells resu^^^ 

0.4 ml contains 1-2 x 10 with or without colony fDrming units of ftedi frozen TICE BCG. 

4 

Patients are vaccinated intradermally (i.d) at two sites ai^roximately 10 cm from superficial 
mguinal lymph nodes. If necessary, axillary lymph nodes are used Lymph node regions with 
previous dissections or dinical evidence of tumor are avoided 

Accessory cdls induding DCs, fibroblasts, eiulothelial cells, monocytes, and macrophages are 
used after transfection with nudeic add encoding a tumor associated antigen, and/or S Ag, and/ w 
xenogendc antigen, and/or carbol^drate modifying enzyme. If desired, these accessory cells or 
APCs are transfecteid with recombinant viral vectors containing rmcleic acid the encode a SAg, 
and/or tumor associated antigen, and/or costimulatoiy molecule, and/or antigen presenting 
molecule, and/or costimulatory molecule, and/or adhesion molecule, and/or xenogeneic antigen. 
These cells need not be irradiated prior to administration. These cells are administered using the 
same cell numbers given above with or without BCG. 

Alternatively, patients are vaccinated with various tumor associated antigens and other a^nts as 
described in Table n. The agents arc bound to MHC class I, class II or a>l receptors or to cells 
expressing these receptors. They are also given alone in doses ranging from 0.1 to 10 mg 
emulsified in various adjuvants well described in the art A vaccination course indudes up to 6 
inoculations of the above agents at 1-3 week intervals. 



Table m 

Single Step in vivo Immunization of Tumor Bearing Hosts with SAg Nuddc Acids Alone, Combined with 
Nuddc Add Encoding Other Peptides and SAg Nucldc adds Conjugated to Polypeptides or Liposomes 
I. Intratumoral injection of nuddc add 

1 . IXrect injection of SAg nuddc adds into tumor. 

2. Direct i.v. or intra-arterial injection of SAg nudeic acids into tumor microvasculature. 

a. SAg nudeic adds conjugated to a polypeptide ligand specific for a tumor cell, 
tumor stromal cell, tumor microv^cnlar or neovascular cell tocejpioTS 

b. Nudeic add within liposomes containing a monodonal antibody. 

3. Recombinant viruses contaiiung nuddc add 

a. Inactivate the vims in the host with gancydovir 
H. After in vivo inununization (3-14 days), harvest regional iym|A nodes and place in tissue culture, 
in. Activate and expand lymphocytes. 

1. Treat with SAg for 2 days. 

2. Treat with IL-2 for 3 dz^. 

IV. Inject tumor ^ledfic effector T cdls into host 



Regional lymph node cells draining tumor sites, lymphoid cdls obtained after the above priming, 
peripheral blood T cdls, and tumor infiltrating lymphocytes (TILs) are suitable sources of T cells 
that are activated to fbrurtion as effector celb(T cells activated ag^nst thecal Tcells 
are obtained firom tumor infiltrating lyn^hocytes either before or after tumor vaccine 
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imnmnization in vivo by the methods described herein. 

Approximately 10 6sys after m vivo itnmunizatioii, an enlarge draining lymph node is removed 
andcultuied. An immunized lymph node used herein is exemplary. A single cell suq)ension of 
lymph node cells is obtained by mechanical dissociatioa Briefly, lymph nodes are minced into 

2mmVeces in cold HBSS with a scalpel. The fragments are then pressed through a stainless 
steel mesh with a glass syringe plunger. The resultant cell suspension is filtered through nylon 
mesh and washed in HBSS. Cultures are established in 300-ml culture bags (Livecell Flasks; 
Fenwal, Deerficld, IL) with 200 to 250 ml of culture medium (CM: RPMI 1640 with 10% human 
AB serum, 2mMfireshL-gIutamine, ImM sodium pyruvate, 100 mg^mlof strqjtomycin^and 

SOmg^ml of gentamidn all from GIBCO; Grand Island. NY), containing 1-2x10 lymph node 
cells/ml and 1-4x10^ irradiated (60 Gy) tumor cells/ml. Optionally, the lymph node cells are 
further separated into populations CD4+CD8+ T cells, MKT cells and /+ T cells. Some S Ag 
con^exes are presented bound to MHC class 11 receptors and some such as SAg-LPS complexes 
or SAg-glycosylceramide con^lexes are presented bound to CDl receptors either ftee or on APC 
cellairfaces. 

After 24 hours, various S Ags or S Ag transfected cell types (STCT) given in Table HI are added in 
dosesoflO to 10 cells for ^72 hours. The cells are harvested and used form VIVO adrnittistration 
atthispoint Specific cell populations are selected such as those having a particular TCR V 
profile or expressing CD44 using magnetic beads or other separation techniques well known in the 
art CDptionally, the SAg activated T cells are expanded Recombinant IL-2 (Cetus, Emeryville, 
C A: provided by Cancer Treatment Evaluation Program, National Cancer Institute) is added at the 
initiation of the cultures at a concentration of 600IU/ml (1 Cetus unit=6 lU of IL-2). C^ture bags 
are incubated at 3T*C in humidified 5% C02. Cell counts from aliquots obtained ftom random 
bags are followed to observe lymphoid cell proliferatiotL Lymph node cells are harvested when 
cells reached maximal density, usually after a total of 5-7 days in culture followed by IL-2 at 24 
lU/ml for 3 d^. These intervals arc shortened depending on the cell viability, CD44 &qsression, 
or V eTqnression or other conditions that adversely affect survival, viability, or therapeutic success. 



Table IV 

Two St^ in vtvoHn vitro Methods and Agents for Producing Tumor Specific Efiector T ceils 

A. In vivo immunization with SAg transfected tumor cells, accessory cells, or virus. 

1. Tumor cells transfected with: 

a Nucleic acid encoding a SAg 

b. Nucleic add encoding a tumor associated antigen 

c. Nucleic acid encoding a carbohydrate modifying enzyme 

2. Accessory cells transfected with: 

a. Nucleic acid encoding a SAg 

b. Nucleic add encoding a tumor associated antigen 

c. Nucleic add encoding a carbohydrate modifying enzyme 
dL Nucleic add ^K»ding an MHC molecule 

3. Recombinant viruses containing: 

a. Nudeic add encoding a SAg 

b. Nudeic sund encoding a tumor associated antigen 

c. Nucleic add encoding a carbohydrate modifying enzyme 

d. Nucldc add encoding an MHC molecule 

B. ^In vivo ixmnunization with: 

L Irradiated tumor cells. 

2. Tumor associated antigens. 

3. Irradiated tumor cells conjugated with DNP. 

4. Tumor associated antigen/SAg conjugate or ftision polypeptides. 

5. Naked iruddc or plasmid or phagis displayed nucldc add eriooding a SAg or attached to 
liposomes or albunin micro^heres. 
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6. Naked or plasmid or phage displayed nucleic add encoding a SAg^tumor associated antigen 
polypeptide conjugate. 

7. Tumor cells or accessory cells transfected with nucleic acids encoding structures given in 
Table I Groiq)IA, (pages 5 and 6) GM-CSF, m-2 and other cytokines. (Bems, AJM era/.. 
Human Gene Therapy 6: 347-368 (1995). 

8. Tumor cells transfected with nudeic adds encoding chemokines (T and NKT cell 
chemoattractants) and granulocyte chemoattractants (C3a, C5a, MAP). 

9. SAg naked DNA fused or in mixture with DNA or structures non4iansfectedg^ 1 
lAB andC (pages 5 and6) 

* In vivo immunization may be by various routes, e,g, „ i.d, i.m, or as organoids or in adjuvants jroximate 
to regional lymph nodes e.g., inguinal lymph nodes. For tumor peptide genes an ISS is useful as is 
cotransfection of MHC dass I genes. For SAg and tumor associated antigen genes, the ISS is useful. 

C. Lymphoid ceDs from draining lymph nodes are harvested 3-21 days later and placed in tissue culture 
for further stimulatioa They are divided into T cell, NKT cdl and / T cell populations. Alternatively, 
T cells, NKT cells and / T cells are (*tained firom the peripheral blood and also placed in tissue culture 
for further stimulation. 

D, I«v//>x? stimulation ofT or NKT ceUpopdations to pn)duce tumor specific eflf^ 

in "C" is carried out with STCT (SAg transfected cell types) or with constructs alone or applied to 
appropriate receptors on APCs. NfflCclassH APCs are used fijr presentation of SAg coiBtructs. 
APCs expressing maimose, or GDI or CD14 receptors are used for presentation of glycosylated SAg, 
SAg-LPS conq>lexes, SAg-peptidoglycan complexes or SAg-glycosylceramide conq)lexes. Isolated 
MHC class I, class n, maimose, GDI or GD14 receptors immobilized on solid si^iports such as 
polystyierie plates rnay be used in place of APGs methods well known in the art. In this form they 
hind corresponding ligands in the constructs given above for presentation to T cells or NKT cells. 
STGT include tumor cells, accessory cells, antigpn presenting cells, prokaiyotic cells, autologous, 
allog^ndc or xenog^c cells lines and viruses. Accessory cells include the following: DCs, 
monocytes, macrophages, endothelial cells, fibroblasts and NK cells. These cdls are transfected with 
micldc ackJs encoding S Ags in combination with the nucldc adds given bdow. These nucldc adds 
m^ indude the ISS sequence; SAg genes may be used with or without the ISS sequence. 



Antibodies or Fab fi:agments having spedfidty for CTLA-4 are a<aed wifli or without IL-2 at any 
point to ejqjand the T cell population and avert apoptosis. The cells are washed once at the end of 
STGT incubation and before tiie addition of IL-2 and/or anti-GTLA-4 antibodies. 

Table V 

Ex vivo Modes of Antigen Presentation to T Cells or NKT Cells to Produce 
Tumor Specific Effector Cells 
A. Tumor Cells, Accessory Cells, Accessory CWTumor Cell Hybrids, e.g., DC/Tumor Cell) Transfected 
with; 

1. SAg-enoodiQg micldc add 

2. SAg-encoding nucldc add and tumor associated antigen nucldc adds (to include arrays of tumor 
associated epitopes) 

3. SAg nucleic acid and NfHG class I or n micldc adds. 

4. SAg-encoding nucleic add and co-stimulatory nucldc adds. 

5. SAg-encoding nucldc add and adhesion molecule nuddc adds. 

6. SAg-encoding nucldc add and a-galactosyltransferase synthetic nucleic adds or xenogendc 
spedes specific nucldc adds. 

7. SAg-encoding nucldc add and chemoattractant nucldc adds 

8. SAgencoding nuddc add and glycosylceramide synthesis nuddc adds 

9. SAg nucldc add and lipopolysaccharide synthesis nucleic adds 

10. SAg-encoding nucldc add and microbial lipoinotein or polysaccharide or peptidogflycan 
membrane or c^)sular synthesis nuddc adds 
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1 1 . S Ag-encoding nucleic acid and S Ag receptor nucleic adds 

12. SAg-encoding nucleic add and CDl receptor synthesis nucleic adds 

13. SAg-encoding nucleic add and CD14 receptor synthesis nucldc adds 

14. SAg-encoding nucldc add and SAg promoter and/or global regulator nucleic adds 

1 5. SAg-encoding nucldc add and oncogene and/or transcription factor nucldc adds 

16. SAg-encoding nucldc add and angiogenesis &ctor or receptor nucldc adds 

17. SAg-encoding nuddc add and growth &ctor receptor nudeic addslS. SAg-encoding nucleic add 
and cell cycle protdn nuddc adds 

19. SAg-enooding nuddc add and heat shock protein nucldc adds 

20. SAg-encoding nuddc add and chemokine nucldc adds 

2 1 . SAg-encoding nudeic add and cytokine nucleic adds 

22. SAg-encoding nuddc add and tumor suppressor nudeic adds 

23. SAg-encoding nuddc add and antigen processing and trafficking nucleic adds 

Table V. cont 

B. Additional in vitro Stimulatoiy Agents (preferred receptor) 

1. Tumor peptides (Class I or Class n) 

2. Tumor pqjtide*SAg conjugates or fusion proteins (Class I or Class II). 

3. Lipopoly^ccharide-SAg conjugate (Class n or CD14) 

a. arabinose 

b. inycolic add 

c. tdchoic add 

d. muramic add (Staphyloooccal cell wall glycoprotein) 

e. mannan proteoglycans 

f. chondroitin-sulfiite 

4. Glycosylated SAgs. (Class n or mannose) 

5. SAg-gtyroosy4ceranude conjugates (class n or CDl) 
a GalC^r conjugate 

b. Gal conjugate 

6. SAg-proteosome conjugates 

7. SAg or gtycosylated SAg or SAg-glyoosylceramide conjugates or SAg-lipopolysacchaiide or 
SAg-pe|^do£^ycan conjugates coupled to proteosomes 

8. SAg or glycosylated SAg or SAg-^oosylceramide conjugates or SAg-lipopolysaccharide 
conjugates or S Ag-pq>tidogIycan conjugates expressed on or coupled to liposomes 

9. Conjugates having having a Superantigen component (polypeptide or nucleic add) and a partner 
that is either a single component or a conjugate of 2 or more components (protein* carbohydrate, lipid 
DNA) as indicated below. 

Superantigen (Protein or DNA) Partner (Single ComtX)nent or Conjugate) 



1. 


DNA coding sequence 


2. 


Polypeptide 


3. 


Nuddc add 


4. 


Tumor associated Peptide 


5. 


Tumor Antigen-MHC protdn 


6. 


LPS 


7. 


Lipoaratnnomannan 


8. 


Gang^oside 


9. 


Glycosphingolipid 


10. 


Ganglioside-CDl receptor 


11. 


Glycosphingolipid-CDl receptor 


12. 


Glycosylceramide (e.g., Gal-Cer) 


13. 


GalC:er-CDl receptor 


14. 


Gal 


15. 


Arg-Gly- Asp or Asn-Gly- Arg 


16. 


iNOS 
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17. Gb2 or Gb3 or Gb4 

18. (Gb2 or Gb3 or GMKDl receptor 

19. -GPl-(Gb2 or Gb3 or Gb4) 

20. -GPHGb2 or Gb3 or (a)4)-CD 1 receptor 

21. Verotoxiii 

22. Verotoxin A or B Subunit. 

23. IFNa receptor peptide homologous to VT 

24. CD19 pqrtide homologous to VT 

25. LDL, YLDL, HDL, IDL 

26. Apolipoproteins (e.g.» Lp(dX apoB-100, apoB-48, apoE) 

27. OxyLDL, o?tyLIX. mimics, (e.g., 7l>-hydi:operoxycholesterol, 

Tb-hydroxycholesterol, 7-4oetocholesteiol, 5a-6a- 
epoxycholesterol, 7b-hydioperoxy-choles-5-en-3l>oU 4- 
hydroj^nenal (4-HNE), 9-HODE. 13-HODE and , 
cbolesterol-9-HODE) 

28. QxyLDL by products (e.g. lysolecithin, 

lysophosphatidylcholine, malondialdehyde, 4- 
hydroxynonenal) 

29. LDL & oj^LDL receptors (e.g., LDL oxyLDL, acetyl-LDL, 

VLDL, LRP, CD36, SREC, LOX-1, macrophage scavenge 
recqjtors) 

30. phytosphingosine» -GPI-phytosphinosiiie 

3 1. tumor associated lipid antigens 

32. glycolipid, ptoteoli]»d, gl^^cosphingolipid, sphingoiipid 

with inositolphosphate-containing head groups, 
phytoglycolipids, myoog^lipids, -GPI-sphinosines or 
GPI-lipids 

33. sphingolipids with inositolphosphate-containing head 

groups having the general structure: 
ceramide-P-myoinositol-X with X referring to polar 
substituents comprising ceramide-p-inositol-mannose, 
inositoi-l-P-(6)mannose(al,2inosito]-lP-(l)ceramide, 
(inositol-P)2Kxiamide, inositol-P-inositol-P-ceramide, 
inositol-P-inositol-P-ceramide. 

34. tumor associated glycan antigens consisting of 

peptidoglycans or glycan phosphotidyinositol (GPI) 
structures 

C. STCT or SAg-tumor peptide conjugates are incubated with in vivo immunized T cells or NKT cells for 
2-4 days and then with lL-2 for 2-5 days. 

10 12 

D. The tumor specific effector cells are then harvested and injected in doses of 10 *10 every 3-7days 
for 1-6 treatments. 

E. Viruses are transfected into tumor cells, access(»y cells, antigen presenting oells, allogeneic or 
xenogeneic cells. They are [Hie-programmed with DNA for SAgs alone or in comMnation with genes 
giveninD. They m^ also utilize the host genome to 



pnxhice a new gene product as for exaiiq>Ie the host -galactosyltraiisferase. Viruses may include the 
fbllowiiig: 

1. Adenoviruses. 

2. Vaccinia virus. 

3. Equine encephalitis virus. 
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4. Influenza virus. 

F. In an additional method, tumor assodated antigens are bound t MHC class I positive cells and used 
to activate T cells. S Ag-lipopolysaccharide complexes and SAg-glycosyiceraniide complexes are 
bound to CDl or class II receptors n APCs. In addition, SAg-lipopoI)^accharide complexes or SAg- 
glycosylceramide complexes are presented bound to class n positive APCs. Alternative^, unbound 
tumor associated antigen/SAg conjugates or fusion products are added at a 0.1 to 200 mg/ml dose for 
2 days. This is followed by STCT incubation or by native or mutant SAg treatment for 2 days. 



For comparative analysis, peripheral blood lymphocytes (PBL) are <4]tained fix)m patients the 
same day as the lymph node harve^ PBL are isolated by FicoU-Hypaque gradients from 60 ml of 
heparinized blood sanq)]es. The PBL are placed in culture utilizing 24-\vell tissue culture plates at 
the same cell density as lymph node cells. PBL are harvested at maximal cell density and 
characterized by phenotype analysis and cytotoxicity. 

T cells, NKT cells, and NK cells are isolated by well known methods described in the art < 
(Colligan, JE et ai^ eds. Current Protocols in Immunology^ John Wiley, New York, 1996). 

PBL are sqsarated by FiooU/hypaque sedimentatioa Cells are recovered from the intei&oe, 
washed in PBS, and pelleted. Peripheral blood mononuclear cells enriched for MHC class I 
molecules or MHC class n molecules are used to bind tumor associated antigens or tumor 
associated antigen/SAg conjugates for in vitro or in vivo immunizatioa 

Ciyopreserved groups of autologous PBMCs are thawed, washed twice in PBS, resu^nded at 5 

to 8 x 1 0 cells/ml in CM and pulsed with 1 mg/ml peptide in 1 5 ml conical tubes (5 ml/tube) for 3 
hoursatBT^C. These PBMC stimulators are then irradiated at 3000 rads, washed once in PBS, 
and added to the responder cells at responder stimulator ratios ranging between 1 :3 and 1:19. 

Tumor infiltrating lymphocytes are isolated from fresh surgical biopsies. Briefly, tumor tissues 
are minced into l-mm3 pieces that are then dissociated into single cell suspensions in Ehilbecco's 
modified minimum essential medium (Giboo; Grand Island, NY) supplemented with 10% heat- 
inactivated human AB senun (NABI, Miami, FL), 0.05%col]agenase (type 4; Sigma Chemical 
Co., St Louis, MO), and 0.002% DNase (typei 1; Sigma) on a magnetic stirrer for 1 hour. 
Suteequently, the tissue digiests are washed and passed through a iQion mesh and tumor 
infiltrating iyn^ocytes and tumor cells are separated on discontinuous (75W100%) 
Ficoll/Hypaque gradients. 

Lymph node lymphocytes are obtained by mechanical dissociation of tissues, followed by washing 
in medium and centiifugation on Ficoll/Hypaque gradient [Newell KA, et aL, Proc. Natl. Acad 
Sd. USA, 88:1074 (1991)]. Ciyopreserved su^nsions of tumor cells/tumor infiltiating 
lyn^)iH)cytes are defrosted, washed, and separated by allowing tumor cells to adhere to the sur&ce 
of plastic wells. The recovered non-adherent tumor infiltrating lymjdiocytes are transferred to 6- 
well plates and cultured in senim-fiee AIM-V medium (Gibco) supplemented with 6,000 U/ml of 
IL-2 (Cetus-Chiron, Emeryville, CA) for 8 d^s. Tumor cells are cultured as adherent monolayers 
in Dulbecco's modified Eagle's medium (DMEM, Giboo) supplemented with 10% (v/v) of fetal 
calf senmt 

Ai^ activated lymphocytes can be used in the method given above. In a preferred embodiment, 
lymphocytes expressing a predominant TCR V phenotype in tumor tissue or peripheral blood 
before or after treatment are isolated and expanded by standard procedures. 

Antibodies to various TCR Vb s«d>5ets are immobilized on inert solid supports and incubated with 
blood oeUs and/or tissue cdls to include bone marrow and peripheral blood or lymphoid tissue 
cells and tumor infiltrating lymphogles. 

The bound T cells are eluted with various bufiGsrs. Suitable biocon^tiUe inert siq^rts include 
polystyrene, polyacrylamide,nyloii, silica, and charcoal as weU as others known ^ The 
sui^rts are derivatized for covalent binchng of antibodies with agents well known in the art 
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including heterobifunctional compounds, cai^ The enriched 

population of V-bearing T cells is then used for in vitro immunization with a S Ag in native or 
mutant form capable of activating tiie dominant TCR V bearing lynqphocytes. IL-2 is used to 
further expand the cell population as described above. 

Effector lymphocytes obtained after in vivo sensitization are stimulated in vitro with tumor 
associated antigens bound to irradiated PBMC (which act as stimulator cells) for 8-72 hours. DCs, 
macrophages, or other dassl^jearingcdls are used to present the tumor associated anti^ The 
T cells are then analyzed for TCR V and/or CD44 expression. An STCT ©pressing a S Ag is tiien 
ad(ted to the culture (Ipicogram to 10 microgram). If a given V predominance is noted after 
antigen stimulation, tiien an STCT or S Ag known for its ability to specifically stimulate that V 
subset is selected for use in activation. Culture proceeds for 18-72 hours. TheTCR VandCD44 
profile of stimulated T cells are then rechecked. IL.2 (12-25 lU) and/or anti-CILA-4 antibodies 
are added for an additional 8-72 hours after whidi the cells are harvested for use. The optipaal 
timing of STCT introduction after tumor antigen stimulation is between 3 and 14 days. 

Antigen-presenting cells (APCs) of all kinds such as DCs, B cells or macrophages witii 
appropriate MHC class II molecule binding sites for soluble SAgs are used or tiie S Ap are 
presented alone or in immobilized form without APCs. (penally, STCTs are used witiiout 
APCs. Before IL-2 administration, effector cells are re-stimulated weekly by washing and 

replating in 24 well plates at a concentration of 2,5 x 10 cells/ml in CM. This is continued for 3- 
10 cycles until enough cells are available for IL-2 expansioiL T cells are cloned 7days^after the 

several cycles of ^uktion ill 96-weU round bottom iMes at 0.3cellsAvdlw^ stimulator 
tumor antigen-PBMC, SAg. or STCT and 25-50U recombinant IL-2 in a volume of 200 ml. 

6 

For long term growth, clones are transferred to 24well plates and 1x10 cellsAvell and stimulated 
weekly with SAg or STCT plus optimally 5x10 tumor associated antigen-PBMC and 25-50U/ml 
of IL-2. After clones grow to greater than 2x10 cells, the clones are maintained by culturing 
with STCT only for 48 hours, washing to renujve STCT. and replating in fresh media for 5-7 days 
with 25-50 U/ml IL-2. 

The initial incubation is with the selected tumor associated antigen such as MART-1 for 1-3 days 
with the latter reagents followed by V profiling and re-stimulation with SAg by methods given 
above. The MART-1 is presented attached to HLA-Al^ cells of PBMC. Cytotoxic activity is 
tested after the first and/or second rounds of sequential stimulation with tumor associated antigen 
and SAg given below. 

The tumor-specific effector T cell population is immortalized as tumor specific T cell hybridonws. 
These hybridomas are generated 1^ immunization in vitro of human T cells as described herein. 
The expanded T cells are then fiised to a thymoma and cloned by limiting dilution or other 
methods well known in the art. Cells are cultured in complete tumor medium composed of Eagltfs 
minimal essential medhun siqiidemented with 10 mM 2-mercaptoethanol, 10%fetal calf serum, 
10% Mishell-Duttcm Nutrient cocktail, 100 U/ml penicillin G, and 200mg/ml streptomycin sulfite. 
Other well known culture media can also be used 

For SAg immunization in vitro, various antig^ presenting cells are used including MHC class H- 
positiveT cells as well as tiioseexjHessingCDl. PurifiedMHCclassEorCDl molecules alone 
or immobilized arc substituted for APCs in some cases. Moreover, T cells are activated by some 
SAgs without APCs when presented to T cells in immobilized form or in tiie presence of vario^ 
cytokines such as IL-1, IL-2, IL-4, or IL-6 or xenogeneic antigens. Variows costimulants such as 
B7-1 and B7-2, adhesion molecules sach as ICAM-1 and VCAM-1, or GalCer are used together 
with SAgs and MHC class H positive APCs or immobilized MHC class II peptictes to augment the 
T ceil or NKT cell response. 



130 



Tumor associated antigen immunization is also involved in the binding of peptides to MHC dass I 
bearing APCs of multij^e origins. Various cytokines including, but not limited to, IL-1, IL-2, IL- 
4, IL-12, or LPS are used in vitro or in vivo to expand the antigen specific clone of T cells and 
avert the development of T cell anergy . 

Specialized Fonns of Tumor Specific Effector Cells and Hvbridomas 

Tumor specific T or NKT cells witii TCR V and/or CD44 selectivity are produced by transfecting 
uncommitted stem cells witii nucleic acids encoding particular TCR V chains. Likewise, a T cell 
clone overexpressing CD44 is produced by transfecting T cells with nucleic acids encoding CD44. 
A hybiidoma expressing a tumor associated antigen with a dominant TCR V phenotype or CD44 
expression is produced in this way. Such a T cell hybridoma or cell line is stimulated exogenously 
by a SAg ora SAg mutant with a TCR V or CD44 selectivity corresponding to that expressed 
predominantly by the T cell hybridoma. The result is a done of tumor specific T cells capable of 
being expanded by exposure to SAg in vitro or in vivo, 

CD44 expr^ion is induced in a T cell, NKT cell or TCR / T cell population after activation in 
vitro or in vivo witti SAgs alone or togetiier with any of the T or NKT cell stimulating constructs 
and methods described herein. The in vivo and in vitro activation steps and immunization 
protocols are given in Examples 7, 15, 16. 18-23. The CEW4 positive T cell population exhibits 
upregulated primary adhesion properties and is capable of effectively trafficking and homing to 
tumor cells in vivo and particularly to sites of SAg (in native or nucldc add form) injection i.e. 
tumor Nucleic adds encoding CD44 or a caibohydmte modifying agent will induce CP44 
expression on the T cell sur&ce. A preferred m vivo method ofuse involves iiitratumoral injection 
of SAg DNA into tumor sites which induces expression of CD44 on T cdls resulting in enhanced 
T odl trafiBcldng to the site of SAg administration. 

T cells are genetically engineered to overexpress CD44 after SAg stimulation. This is 
accomplished by transfection of T cells or NKT cells with nuddc add encoding CD44 as well as 
nucldc adds encoding glyoosyltransferases. This results in the overexpression of CD44 
upregulation of the adhesive properties of CD44. Such CD44 enriched clones are harvested after 
SAg stimulation, enriched, and administered for adoptive inununotherapy of cancer (Examples 6, 
7, 15, 16, 18-23). 

Additionally, T or NKT cell clones or hybridomas are produced which express a chimeric TCR 
consisting of an invariant chain with specificity for GalCer or and a chain that binds a SAg. The 
V region which is specific for the SAg is overexpressed on the TCR permitting greater 
re^nsiveness to exogenous SAg. This chimeric TCR recognizes and is stimulated by an 
exogenous SAg with a TCR V selectivity corresponding to the predominant TCR V phenotype of 
the T or NKT cell. Such T or NKT cell lines are cloned and hybridomas produced by methods 
well known in the art (Current Protocols in Immunolo^, pp. 7.21.-7.2L9 John Wfley, New York, 
1991) TheexpandedcloneoftunK>r5pedficTceUs produced in this way is useful for adoptive 
immunotherapy of cancer by methods given in Examples 7. 15, 16, 18-23. 

T cell clones are produced due to asynchronous TCR V locus rearrangements at low but 
significaiUfiequencyinwMchbothTCR V segments are part of two fimctionalTCI^ Such 
clones are procfaiced from uncommitted stem cells in which nucleic add encoding two chains are 
transfected, one having specifidty for a tumor associated antigen and another having SAg 
qsedfidiy. Hence, a done of T cells with dual V TCR expression is jHioduced which is capable of 
reactingwitha tumor specific and a SAg. This done is expanded by binding either or both 
ligands. These e>q)andeddones consisting of tutnorspedfic effector T cells are used for adoptiv 
immunothers^ of cancer by protocols given in Examples 7, 15, 16, 18-23). 

T cells or NKT cells clones or hybridomas e^qnessing TCR Va and Vb chains with specifidty for 
Gal Cer and SAg, respectively, are produced by fusion of NKT cell DNA encoding the GalCor and 
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SAg leceptois with DNA ftom an appropriate thymoma. This GalCer receptor and S Ag receptors 
are expressed on the and chain of the TCR, respectively. Upon ejqwsure to GalCer or SAg, these 
eel I s are further activated to express CD44 vMch enhances their homing and adhesive properties. 
NKT or T cells ejqiressing high levels of IFN, GM-CSF. and IL-10 are selected and cloned. The 
clone of T cells producing IFN and e^^ressing GalCer, SAg and CD44 is then expanded and 
immortalized With its properties of tumor recognition, SAg and glycosylceramide activation, 
IFN production and effective in vivo trafficking, this T or NKT effector cell population is 
{deferred for adof^e immunotherapy of cancer by methods given in Examples 7, 15, 16, 1 8-23), 

Additional measures to avert apoptosis and augment i»oliferation capacity in SAg activated T 
cells inchide the use ofanti-CD28 antibodies and inhibition of CTIA4 CTLA-4QnT 
cells is blocked by spedfLc antibodies or fragments. 

Alternatively, a T cell clone is used in which CTLA-4 is genetically deleted When stimulated by 
SAg, these cells proliferate to a greater extent compared to SAg alone. Cell populations in .which 
CTLA-4 is deleted or blocked are selected to have a predominant V bearing lymphoc^ 
population that is activated after in vivo or ex vivo tumor associated antigen stimulation. After 
CTLA-4 ddetion or bloctode, the J^ipropriate SAg with V selectivity 

population. To avert uncontrolled proliferation in vivo, the thymidine kinase gene of the HSV is 
co-transfected to enable elimination of these cells in vivo if desired 

Measures to produce an rffector T cell population with an overejqjressed TCR V and/or V chains 
specific for a given SAg involve the ttansfection of nucleic acids encoding the desired V or V 
regions into T cells as in Example 1. To lower the activation threshold of the T cell or NKT cells 
to SAg or S Ag-tumor peptide-MHC or CDl . the T cell or NKT cells are transfected vdth nucleic 
add encoding a tyrosine kinase or other signal transduction initiating molecules which can 
dimerize in the membrane with the TCR tyrosine kinases tiiereby lowering the threshold for 
activating the signal transduction patfaw^. The deletion of the signal transduction inhibitory 
legion of the TCR to produce sustained signal transduction is done by site directed mutagenesis as 
in Example 24. 

Example 8 

Prevention of Anerev in T or NKT Tumor Specific Effector Cells 
The SAg stinnilated tumor specific effector T cells used for adoptive inununotherapy of cancer 
may not function when infussd unless measures are taken to prevent T cell anergy or activation- 
induced cell deatii (AICD) by interdicting the Fas mediated pathway. TheFasligand(FasL)has 
been identified as a type n traiisniembrane polypeptide of the TNF la^ These two related 
receptor-ligand systems signal apoptosis thnni^ closely related but distinct pathways. T cell 
phenotypes that have diminished expression of Fas or FasL show delayed anergy induction and 
shortened periods of non-reactivity compared to Fas-expressing cells. Activation-induced cell 
death (AICD) induced by SAgs in vitro or in vivo is averted using Fas-<Mcient T cells, including 
thosewith down-regulated Fas or FasL receptors as well as those with masked or blocked Fas 
receptors. A Fas-IgG fusion protein is added during the SAg activation phase to prevent AICD or 
anergy induction Measures such as those above (or by treating with anti-CTLA-4 antibodies or 
activation of CD28 before, during, or after STCT stimulation) protect T cells torn anergy or 
AICD. In this way, these manipulations prolongT cell survival in vitro and enhance tumoricidal 
activity in vivo after the T cells are actxvBted by tumor associated antigen plus S Ag or tumor 
associated antigen-SAg conjugates in vitro, 

SAg nucleotide alone or fused to tumor peptide nucleotide may be further fused with an antisense 
nucleotide capable of inhibiting the apoptosis pathway. 

When expr^Gd in T ceUs, this combination of genes would promote the generation of tumor 
specific effector T cells which would be resistant to AICD. Oligonucleotide antisense molecules 
that inhibit key steps leading to ^x>ptosis may be fused to SAg DNA in order to ixevent the T 
cells fix>m undergoing AICD. SAg DNA may also be fused with the mfdti-drug resistance (MDR) 
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gene to make the T cells refractory to chemotheiapeutic ^nts and sensitive to anti-apoptosis 
drugs. Certain drugs or radiati n may be used toother with SAg DNA for additive or synergistic 
inhibition of the apoptosis pathw^ in the doubly or multiply transfected T cells, 

SAg DNA may also be linked operatively to promoter genes such as those inducible by 
corticosteroids or heavy metals (e.g., the metallothionein promoter) and regulatory DNA 
sequences that act as T cell on/off sensors responsive to exogenous cytokines, inflammatoiy 
stimuli and changing external conditions such as oxygen tension and pH, A particular advantage 
of SAg DNA is that its expression will promote V receptor downr^gulation and internalization so 
that these receptors arc unavailable to exogenous SAg. SAg DNA is modified in several ways to 
introduce protein binding sites for ]sxsy transcriptional elements ^^ch may inhibit apoptosis. 
Insertion of such sites at the bending domains of SAg oligonucleotides renders them capable of 
inducing key TH-l <^okines and cell pn)liferation while averting AIC^^ SAg DNA is also 
capable of reversing the T cell anergy and signaling defect which may be localized to the chain in 
cancer patients. This is accomplished by providing transcriptional binding sites on the SAg DNA 
which bypass the ocmventional chain activating signals and the pathway to DFN and IL-2 
production. Inthesame way, SAg DNA also bypasses the defective signal by activating a 
coni|>lex that contains STAT-1 which binds a GAS-like palindromic sequence located in the IFN 
response region oftheFcRI gene. Such anergy in T cells may also be reversed by alternate 
cytoplasmic tails that are activated by SAg binding to the TCRV and V chains. Moreover, 
nucleic acid encoding Protein A and especially domain D (that binds to the Ig VH3 region) maybe 
fused to SAg DNA in order to bring about activation of the IL-2 and IFN genes that resulting in T 
cell proliferation and IFN production coupled with up-regulated sui&ce receptors for the Ig VH3 
domain. 

Anergy in S Ag-activated tumor-spedfic T or NKT efifector cells (or hybridomas) is known to be 
averted by in vitro ox in vivo co-administration of IL-2, IL-1, LPS and tumor specific peptides 
specifically interfere with SAg driven anergy. 

Method^ and doses for use of these agents with SAg activated T or NKT cells are given in 
Examples?, 15, 16, 18-23. 

Tumor spedfic T or NKT effector cells or byt^domas prqjared by various methods described 
above are administered according to the adoptive therapy protocol of Examples 7, 15, 16, 18-23 
(the preferred method). The experimental tumor models and human cancers for which the anti- 
cancer efficacy ofthese cells can be demonstrated are provided in Example 16. 

Example 9 

Reactivation of Anereized Tumor-soecific T or NKT Cells bv SA p and SAg Receptors 
Preferred tumor-specific effector cells for adoptive immunothmpy <rf cancer are autologous T 
cells. However, in the course of tumor giowth, T cells become anergized to the host's own tu^ 
and are incapable of an adequate immune response to the tumor. Dampened TCR-triggered 
re^nses are caused by si^^xression of effector molecules that couple cell surface receptors to 
eady and late intracellular signaling events. For example, basal and induced tyrosine 
phosphorylation of mariy signaling proteins is reduced due to deficits at multiple points, including 
the inositol phosphatase pathway. This down-regulates cytokine production and decreases nuclear 
transcription factors of IHl helper cells. 

Two functionally distinct signal transduction pathw:^ are coupled to the TCR. Native or mutant 
SAgs activate an^gic T cells via an alternate pathw^ without the conventional increases in Ca++ 
mobilization or detectable phosphatidylinodtol l^rdrolysis that follow ligation of the TCR by 
pq^de/MHC complexes. Native, mutant or derivatized SAgs are administered to stimulate 
anergized T and/or NKT cells to become tumor-specific effiector cells now fully reactive against 
tunrars. Such cells are used also in adoptive imnmotherapy of cancer as desoibed in Examples 
7, 15, 16, 18-23. Nucleic add constructs connpising DNA encoding SAg and SAg receptor are 
provided to reverse T cell anergy in cancer patients. 

Anergic T (or NKT) cells transfected with DNA encoding a SAg recqrtor express the receptor on 
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the cell surface. Binding of exo^ousSAg to this receptor geneiatesTceU activating sigM 
that the activated T cells can be used for adoptive immunotherapy. 

DNA encoding a peptide is transfected into cancer patients' anergized T and/or NKT cells. 
These DNA constructs also contain the ISS (described above). The T and/or NKT cell 
tiansfectants have revitalized proliferative activity when stimulated by tumor-spedfic antigen and 
oco^nous SAg. The cells are used for adoptive imnranotherapy of cancer (E;an^)les 7, 15, 16, 

18-23). . , - r 

Anergic T cells from cancer patients are transfected in vivo or in vitro, resulting m a population of 
tumor reactive efiFector T cells in vivo or ex vivo. The ex vivo transfected T cells are used for 
adoptive immune tiierapy as described in Example 15, 16, 18-23. In the case where SAg receptor 
is expressed by transfected T cells, these cells are activated by locally or systemically by SAgs to 
result in tumor-spedfic effector cells. 

Additional manipulations that assist in restoring responsiveness to anergic T cells include removal 
of the (T or NKT) ceUs from the immunosuppressive microenviroiunent and transfer into tissue 
culture for a short period before stimulation witii SAg. Furthermore, defective signaling in patient 
T or NKT cdls may be reconstituted by transfection with DNA encoding CD3 -2 or ^ that is 
cither in a single construct with, or cotransfected wifli, DNA encoding SAg and/or SAg receptor. 
Now, sur&ce activation of the SAg receptor triggers CD3- signaling and T cell proliferation. 

SAg activation of a T cell surface ganglioside (such as GD3) is also used to reverse T cell anergy 
in cancer patients. SAg coupled to GalCer, lipopolysaccharides or pioteosoines are even more 
effective in activating such anergized T cells. Coordinate activation of CD69 with phorbol esters 
in combination with SAg stimulation also reverses T cell anergy. 

Example 10 

Tumor Specific Effector T or NKT Cells as Lvmphoid Organoids 
Tumor specific T and/or NKT effector cdls (or hybridomas witii such cells) are prepared ex vivo 
in the form of a lynqdioid organoid and implanted into tumor-bearing hosts. The organoid 
consists of the tumor specific lymphocytes dther activated by SAgs, transfected to express SAg 
alone or in combination with the other proteins or anti-tumor moieties described hereiit The cells 
are encased in semi-peniieable menibranes that allow for their progressive entry into 
lymphatics after implantation into the host Such organoids are implanted preferentially at sites 
adjacent to lyn^shatics or blood vessds that drain organs or regions of known tumor involvement. 
However, they may also be implanted subcutaneously, intraperitoneally in addition to intra- 
tumorally or adjacent to a tumor site. The advantage of the organoid is that it continuously 
provides proliferating tumor-specific effeaor odls that recognize trafiSc to tumor sites in a 
philological manner. This ai^)roach avoids negative selectiofi, fimctional deficiendes arid 
storage problems associated with long tmn cultured cells. 

Organoids are encased in macrocapsules, sheaths, rods, discs, or spherical dispersions or 
microcapsules. Microcapsules are made of hydrogels such as polysaccharide alginate that are 
optionally coated with polyaruons and again with alginate. Macrocapsule and vascular devices 
consists ofacrylonitrile-vinylcUorideoopolyniers or ceUuloseiutratemembranes^ In one 
approach, scaffolcb composed of synthetic polymers serve as cdl tran^lant devices. The polymers 
are degradable or non-degradable materials that ^sappeax from the body after they perform thdr 
function to obviate concerns about long-term biocompatibility. 

These devices serve as stnictural arid fimctional tissue units by the transplanted cel^^^ Theopen 
system implants are designed so that the polymer scaffold guides cell organization and growth and 
allows diffusion of nutrients and cells. The cdl polymer matrix is pre^vascularized or becomes 
vascularized as the cell mass expands after implantation. Vascularization is induced naturally by 
the host or artificially by secretion ofangiogenic^ors from host cells. Optionally, the 
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angiogenic proteins are gen^caUy engineered into the host T cells in vitro before in^lantation or 
in vivo before or after implantation. 

To maintain or facilitate targeting of the cells to tiunors r involved rgans, the lymphocytes are 
transfected with DNA encoding polypeptides that enhance homing and trafifiddng ability to the 
sites of twnor burden (e.g.. brain, liver, lung). The organoid lynqphocytes express no CTLA so 
that they may proliferate (in vitro and in vivo) without the need for exogenous IL2. Alternatively, 
cells are transformed to express herpes simplex virus thymidine kinase, making them susceptible 
to killing by gancydovir. This curtails uncontrolled proliferation caused by the CrLA-4 deletion 
(or inhilrition). Exogenous control of antitumor activity is achieved through the use of inducible 
promoters, siK:h as those re^nsive corticosteroids or metals. 

Example 11 

Tumor Specific Effector Cells or Tumor Cells Expr essing Protein A, 
Protein A D omains and /or Anciostatin 
It is desirable to express Fc receptors (FcR) or Ig VH3 domains on tumor cells to promote binding 
by immunogl(*ulins and enhance damage by antibody dependent cellular cytotoxicity. By 
introducing Staphylococcal Protein A, or its domains A-D into tumor cells which overexpress FcR 
and VH3 the tumor cells bind immunoglobulins (including those withaGal specificity). Signaling 
of T cells occurs via high affinity binding to FcR (FcRI ) of protdn A-IgG complexes; such 
binding bypasses the CD3- blockade in tumor bearing patients. Tliese transfected tumor cells are 
useful as a vaccine. Likewise^ nucleic addsencodingprotein A and its domains A-D are 
transfected into partial^ or fully anergized T or NKT cells of cancer patients. Exogenous 
immuno^obulins stimulate the generation of tumor-specific efifector T or NKT cells which are 
used in adoptive immunotherapy (Exairqples 7, 15, 16, 18-23). 

DNA encoding Staphylococcal protein A and its domain D are co-transfected into these tumor 
cells resulting in the joint surface expression of: (1) protein A and FcR to which it binds and/or (2) 
domain D and Ig VH3 to which it binds. 

When DNA encoding protein A or domain D, fused to a signal sequences that route and anchor the 
protdn A peptide to the tumor cdl surface, is introduced into tumor cdls, such tumor cells are 
excellent targets for parenterally administered SAg polypeptides (particularly those for which no 
natural antibodies exist). Tumor cells expressing protein A and domain D and also exfw^ng 
FcRs on the cell sui^tce, have heightened sensitivity to complonent mediated lysis. 
Tumor cells cotransfected to express protein A and (jal (by introduction of the appropriate 
glyoosyltransferase) are capable of reacting with natural anti- Gal antibodies, Ig Fc fragments and 
Ig VH3 domains, which stimulate an enhanced tumoriddal re^nse. 

Angiostatin is a circulating angiogenesis inhibitor which is 38-kDa internal fragment of (mouse) 
plan^inngpn that contains the first four disulfide-linked kringle domains. In vivo, angiostatin 
su];pesses neovascularization in several traditional ass^ (chick chorioallantoic membrane assay 
and mouse corneal ass^). Proteases released by tumor cells cleave circulating plasminogen to 
generate angiostatin. MetaUoelastase produced fay tuniorinfiltratirig macrophages generated 
angiostatin production by murine Lewis lung cardnonuu In the present invention, nucldc add 
encoding angiostatin (Cao Y et aL, J. Clin. Invest 101 : 1055-1063, (1998)) are cotransfected into 
tumor cells with nucldc add encoding SAg (as in £xanQ>le 1). The tumor cell cotransfectants 
express and secrete SAg and angiostatin. Such cdls are used directly as a preventative vaccine 
(Example 8) or as a therapeutic vaccine to treat established tumor including micrometastases. 
Methods for using these cdls in vivo arc in Exanqples 7. 12, 16, 18-23. 
In addition, tumor cdls are cotransfected to express angiostatin and protdn A (and/or its 
domains). Aiiy nucleic add construct shown in Table I may also be used in cornbination to 
transfect tumor cells together with protein A, its domaiiis and angiostatin. 

Example 12 
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SAg Receptor 

Colon carcinoma is used as the tissue source for the SEB receptor. Mixtures of different 
detergents at low concentrations are used. The protocol for screening detergents for sohibilization 
of MAChRs is readily adaptable to other receptor types. The membranes are suspended at 5- 10 
pH 7.5, 20mM Tris -HCl, pH 7.5, or 20mM sodium phosphate, pH 7.0-7.5. For screening 
purposes it is unnecessary to add complex proteolysis inhibitor cocktails. The presence of EDTA 
(ImM) to inhiWt calcium-activated proteases and of PMSF or benzamidine (0. ImM) to inhibit 
serine proteases is sufficient Mg2 (2niM) is added. The membranes arc prelabelled with a 
radioligand in the presence and absence of a suitable unlabellcd lig^nd to detOTnine the total and 
non-«pecific binding. Non-specific binding is subtracted fix)m total binding to obtain the qwdfic 
binding. Ahigh enough concentration oflabeledligand to saturate the binding site(10xKd) is 
used, so that the binding capacity is measured. The unlabellcd ligand is used at a concentration of 
1000 xKd The normal criteria for specific binding must be fulfilled. The incubation is sufficient 
to reach equilibrium. Prelabelled membrane suspension (0.5 ml) is added to a series of centrifiige 
tubes a 4°C. An equal volume of detcr^nt solution in the same buffer is added to obtain a series 
ofdiflferent final deterg^t concentrations, e.g., 0,0.1, 0.2, 0.5, 1.0,2.0%w/v. Thetubesare 
mixed and incubated for 60 min. at 4*C. Solubilization is assisted by stirring or mixing, e.g. , with 
a rotating-whed end-over-end mixer. The tubes are oentriiuged for 30-60 min at 100,000 x g for 
60 min. For screening, a lower speed spin, e.g., 10,000 x g for 5 min (such as in a microfiige) is 
acceptable. Supernatant, 0.2 ml, is applied to a 2 ml column of Sephadex G50 equilibrated with 
the selected ctetergent at 0. 1%. When the sample has run in, 2 x OJZ ml of detergent-buffer is 
applied and then the void voluine fraction is eluted with 0.5ml of detergent buffer. This 
procedure is carried out, the remaining material is removed, and 1 0 ml of aqueous scintillation 
codctail is added and the radioactivity counted Sephadex G50 is substituted for G50F for 
hydropMlic Ugands, ^ivliich do riot partition into detergent micelles. This gives a more rapid 
separation. The recovery of specifically botmdligand is calculated in absolute tenns: 

bound ligand « (dpm (total) - dpm (non-spec.) x 5/(2220 x spec, .act) pmol/ml 

An aliquot of the pellets is resuspended and counted to calculate recovery of unsolubilized 
receptors. The concentration of protein in the solubilized supernatant is measured, for example, 
by measuring UVabsorbance at 280 nm against a detergent-bu£fer blank. (If necessary, the 
supernatant is diluted to get the absorfoance on scale.) Protein concentration in the solution is 
approximately equal to the absorbance at 280 mn. Alternatively, the Lowry method is used The 
above steps are repeated without first prelabeling the receptors in the rnembrane. Instead, the 
solubilized supernatant is incubated in the absence and presence oflabeledligand Again, 
concentration of the labeled ligand is used that saturates the binding sites. Incubation is carried 
out for 2 h at 4°C, and the binding is assayed by gel filtration as above. The pellet is resuspended 
and assayed for residual binding to check overall recovery. The molecular size of the recqTtors in 
solubilized preparations is estimated by a combinaticm of gel filtration chromatography and 
sucrose density gradient centrifugation in H20 and D20. Affinity chromatography is the 
principal method use for purification of all of the receptors, combined with gel permeation HFLC, 
and ion exchange. SDS PACjE is carried out on the final product. Affinity chromatography is 
carried out using immobilized SEB, and the cohmm is eluted with acid buffer or different 
concentrations and ionic strengths of duting buffer. 

Determination of amino-acid and oligonucleotide sequences of S Ag receptors 

Receptor material is eluted from the SDS-PAGE, and the N4erminal amino acid sequence is 
determined When fiee amino termini are not available, the purified recq)tor material mustbe 
subjected to partial hydrolysis. The specific cleavage ofpeptide bonds is performed with 
endoproteases, such as V8 protease or trypsin, or with chemicals such as cyanogen 
teomi(fc(CNBR). The resriting peptides are separated by SDS-PA<jE when they are over residue 
orbyreveisephaseHPLC. The pq>tides thus analyzed are subjected to amino-acidseqi^^ 
anafysis with a gas phase or solid phase sequencer. 
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Antibodies are raised against the peptides, and the resultant antibodies used to confirm that the 
peptide is a part of the receptor by inmrnnoprecipitation or Western blot 

To determine the full sequence of the receptor gene, oligodeoj^ucleotide probes synthesized on 
the basis of peptide sequences arc used to screen an qpropriate cDNA lihraiy. Either a mixture of 
relatively short oligonucleotides with ail possible sequences or a relatively short oligonucleotides 
with a sequence based on cocton usage frequency is used. Genomic libraries as well as cDNA 
hbraiies are screened to obtain gjenes for receptors and to deduce their amino acid sequence. The 
amino add sequence deduced from the nucleotide sequence is compared to the known sequences 
of other receptors. Among the useful stnictural information derived from the sequence analysis is 
the hydropathy profile. The presence of hydrophobic domains with a length of approximately 20 
amino acids residues suggests that the regions are transmembrane segments. Genomic or cDN A 
clones ligated into expression vectors arc used to transform suitable cell lines. 

Alternatively, mRNA transcribed fium these clones is injected into recipient cells suchasXenopus 
oocytes. The e3q>ression of receptors in these cells is confirmed by measuring ligand binding, 
reactivity of cell homogenates or membrane preparations with antibodies or the responses induced 
by receptor agonists in recipient cells. The direct function of the receptors is elucidated by 
reconstituting purified receptors in phospholipid vesicles with or without other components. 
An additional method is based on the isolation of ciDNA or genomic clones for recqjtors without 
using purified receptors. The structure of receptors and cellular responses to them is examined 
using these clones. Substantial amounts of receptor material is produced from these clones. 
Monoclonal antibodies to the SAg receptors are used to screen clones for receptors derived horn 
cDNA libraries constructed with expression vectors. 

Transfection of SAg recqjtor involves the ligation of the receptor gene into an ap^jmate 
expression vector, transformation of a suitable bacterial host, and isolation of an individual 
bacterial colony containing the plasmid vector. The plasmidDNA is harvested from the lysed 
bacteria. The preferred method of purification of plasmid DNA for use in transfections involves 
Triton-lysozyme equilibrium gradient. The ceUs to be used in transfection are maintained in the 
log phase of growth at all times. The calcium phosphate method is useful and efficient means for 
introduction of cloned genes in plasmid vectors into mammalian cells as described earlier in this 
document is preferred However, the other methods given are useful as well A partial list of 
plasmid vectors and promoters suitaUe for transfection of cultured mammalian cell is given in 
Eraser, CM., Expression of Receptor Genes in Cultured Cells in Receirtor Biochemistry, A 
Practical AppToach, Hulme, E.C., ed. Oxford University Press, pp. 263-273, 1993. 

Example 13 

Avoiding Interference with SAg-Sr)ec ific Antibodies 
Natural^ antibodies are found in mammals that are specific for the SAg molecule (e.g., a Staph 
enterotoxin). Sucharitilxxliesbindandinterferewith the SAg expressed and secr^ed by 
transfected cells. Such antibodies also hinder therapeutic action of SAg infused directly (as native 
protein, peptide or fusion protein). 

It is desirable to neutralize or otherwise remove such before the cells of this invention are 
administered to a subject One way to achieve this is to pre-treat the subject with antiidiotypic 
antibodies specific for the variable region of SAg-specific antibodies. Another way is to infuse 
SAg pqitides that represerit the major immunogenic portioris of the cveraUiTOteirL Alternatively, 
SAg is immobilized to a solid si^iport by covalent bonding and the blood or plasma is perfiised 
extracorporeally through a device containing the immobilized proteir), thereby removing the 
antibodies by immunoadsorption. In aiiother approach, SAg-«xpressing cells (prokaryotic or 
eukaryotic) preferably of host origin, or phage displays, are encapsulated and used as 
immunoadsorbents to binds circulating SAg-specific antibodies. An <»ganoid containing these 
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adsoibing cells is positioned subcutaneously or placed into the circulation via catheter and then 
removed once the adsorption process is complete. Alginate encapsulated cells expressing SAg are 
preferred but other known modes of cell encapsulation may be used Liposomes with sur&ce- 
bound SAg are another form of immimoabsorbent that are employed either as an organoid or by 
direct injection. 

Induction of Immxmological Tolerance 

The indoction of tolerance to epitopes of the SAg molecule which induce a humoral antibody 
response would be d^irable. The portion of the SEA molecule which binds to natural antibodies 
is the linear sequence of residues 232-262, Immune tolerance is induced using this sequence by 
the method of Dintzis era/., Proc. Natl. Acad. Sd. 89: 11 13-1 1 17 (1992). in which low molecular 
weight peptide arrays are administered to patients with cirodating antibodies to en^ The 
peptides are delivered porenterally or orally once weekly in ctees of l-500mg/kg for three to six 
weeks after which there is a reduction and disappearance of circulating antibody specific for the 
tolerogen. 

After one or more of the foregoing treatments, native SAg or SAg conjugated to a monoclonal 
tumor-specific antibocfy and administered to the host can now localize to tumor sites without 
diversion by circulating SAg- specific antibodies. 

Phage Displayed S Aes 

Phage di^laytechiiologyniay also be used neutralize circiilatinganti-entero^ The 
SAg and/or SAg receptor is expressed at the surface of bacteriophage as a fusion protein with the 
gene VIII protein (gVIIIp). This phage-displayed SAg fusion protein retains the properties of the 
natural protein. For this invention, the filamentous phage vector fB8-4 which forms a fusion 
protein between the C terminus of the inserted gene product and the N terminus of gVIIIp is used 
The phage expressing SEA is injected intravenously into patients that have natural antibodies to 
SEA. The amornitofjAage (transducing units) required to neutralize the circulating 
antibodies is predetermined by antigen binding inhibition assay. The ruunber of transducing units 
required to neutralize the pool of circulating SEA specific antibodies is administered 
intravenously. Shortly after this injection, the host is read^ for treatment with active SEA which is 
no longer hindered fix)m finding its "target, " /. e. , enterotoxin receptors expressed by tumor cells or 
Tcells. 

SEA done pKH-X35 is employed PGR with Vent Polymerase 9NEB is used to mutate the 5*- 
and 3- ends ofthe SEA gene for doning into f88-4. The construct is as follows. The5* 
oHgonucleotideiisedis5'-CTCCAAGCnTGVCCAGCGAGAAAAGCGAAG-3\ Two 3* 
oligonucleotide primers are used For the construct with the five amino acid linker between SEA 
and gVIHp (SEA L), the primer S'-GCCTCCrTGCAGATCCACCGCCTCCGGATGT- 
ATATAAATATATATC-3' and for the non-linker version (SEA-P); 5'- 
GCCTCCn'GCAGATGtATATAAAtATATATC-y are used The two SEA PGR products are 
cut with HindUI and PstI and cloned into f88-4. They are transformed by electroporation into £1 
coli strain DH5a and sequenced Phage are produced by growing the transformed bacteria 
overnight in 0,5L of broth with 20 mg/ml tetracycline. The culture is pelleted twice (800 x g for 
15 min) and the phage prec^ntated out of the cleared supernatant by the addition of 0. 15 vols, of 
PEG/NaCl solution (17% PEG 8000, 19% NaCl in water). After incubation at 4**C for 2 hours, the 
phage are resuspended in TBS and sterile-filtered through a 0.22-m membrane. Phage are selected 
by the micropaiming technique and by cell binding. Bindingtoantibody is assessed by attaching 
mAb to the sur^ of 96.wdl EUSA plates, bloddng with 1% BSA, incubating with lOOmg^ml 
of SE A or PB S as a control and then incubating with the various phage preparations for >2 hours 
at 4^C. The phage is then eluted with 0. 1 M HCl pH 2 ( adjusted with ^ycine) for 10 minutes, 
neutralized and used to infixt starved K coii MC10161 F Kan. The infected bacteria are then 
spread on tetracycline (20mg^ml) LB agar plates. After overnight culture tetracycline resistant 
colonies are counted representing the number of transdudng units (TU) recovered Todetermine 
the number of SEA-bearing phage among the tetracyciineHresistant colonies, colony blotting is 

32 

performed by standard techniques probing with a P-labeled SEA ]»obe. An antibody based 
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variant of this technique is involves ptdbing with a rabbit anti-SEA serum as for Western blots. 
Chimeric Enterotoxins 

Likewise, hybrid or chimeric SAgs that are non-immunogenic are used to stimulate cells. When 
these molecules are injected into hosts that have natural antibodies, they are not r^idly eliminated 
from the circulation. Such chinieric molecules lacking the binding site for natural antibodies 
preserve the T cell mitogenic and cytokine-indudng properties of the native SAg. A peptide 
sequence fix>m another SAg to which antibodies do not exist is substituted using genetic or 
biochemical m^hods well known in the art. This is particularly useful in the case of enterotoxins 
such as SEB or SEA to which a large percentage of humans have naturally occurring circulating 
antibodies. The antibody binding region of these molecules near the C terminal regions is 
delineated The substitution oftheantilxxfylnnding sequences in SEA or S^ 
SEE or SED to which a veiy small number of humans have circulating antibodies markedly 
enhances the tumor killing efficacy of the injected chimeric enterotoxins. 
A hybrid molecule consistiag of a 26 amino acid pepti<k corresponding to the N-terminal portion 
of SEA, the loop structure of SEA, a conserved mid-molecular sequence of SEA and SEB, and a C 
terminal sequence of SEB was synthesized in collaboration with Multi-P^de Systems, La Jolla, 
California. Peptides were pixpared using a variation of Menifidd's original sohd phase p 
in conjunction with simultaneous multiple peptide synth^ using t-Boc chemistries. Peptides 
were cleaved from the resins using simultaneous liquid HF cleavage. The cleared peptides were 
then extracted with acetic acid and ethyl ether and fyophilized. Reverse phase HPLC analysis and 
mass spectral analysis revealed a single major peak with the molecular weight corresponding 
closely to theoretii^. 

Synthetic SArs 

Amino acid sequences of SEA and SEB known to be involved in the interaction with theTCRand 
MHC class II molecules are retained The loop structure of SEA is retained because it is devoid of 
histidine moieties that are associated with the emetic response. Residues 1-10 of the N-terminal 
region of SEA are retained because they have MHC class n binding activity. Theloopstmctureof 
SEA is retained because it and associated disulfide linkages are considered to be important for T 
lymphocyte mitogenicity, stabilization of the molecule, and resistance to in vivo degradation. A 
conserved sequence in the central portion of SEA and SEB adjacent to the disulfide loop (amino 
adds 107-1 14) was retained Histidine moieties are deleted from the molecule because of their 
association with the emetic response. 

Synthesis Procedure 

The preparation of all peptides was carried out using a variation of Merrifield's original solid 
phase procedures in conjunction with the method of Simultaneous Multiple Peptide Synthesis 
using t-Boc chemistries (Merrifreld RBI, J. Amer. Chem. Soc. 85:2149-2154 (1963)); Houghten 
RA, Pn)c. Nati. Acad Sd. USA 82:5131-5135 (1985); and Houghten RA et al.. Intact J. P^de 
Protein Res. 27:673-678 (1985)). 

4-methyIbenzhydiylamine (mBHA) and ptenylac^amidomethyl (PAM) resins were purchased 
from Advanced Chemtech (Louisville, KY) andBachem (Torrance, CA), respectivdy. All of the 
amino adds contained the t-butyloxycaibonyl (t*^oc)-^mino protecting group and were purchased 
from Bachem. The side chain protecting groups included benzyl (threonine, serine and glutamic 
add), chlorobenzylo?Qrcaibonyl (lysine), brombbenzylo^grcaiboiQrl (tyrosine), cyclohe?Qrl (aspartic 
acid), p-toluene sulfonyl (arginine), formyl (tryptophan), methyl bcazyi (cysteine), and 
dinitropheiryl or benzyioxycaxbonyl (histidine). Cysteine with the HF stable acetamidomethyl 
(ACM) protecting group was used, upon request, for internal cystdnes. Each lot of amino add 
derivative w^ tested by melting point anal>^. Reagent grade methylene chloride (CH2C12), 
isopropanol (IPA), and dimethylformamide (DMF) were detained from Fisher Sdentific (Tustin, 
CA). diisopn>pylcaibodiimide(DIPCDI)anddiisopnspyleth3ian^ 
Chem Impex (Wood Dale, IL). Trifluoroac^c add was purchased from Halocaibon 
(Hadcensadc, NJ). 
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The appropriate resin, mBHA for C-terminal amides and PAM for C-terminal acids, was weighed 
with a Mettter AE 240 balance (Highstown. NJ) into separate polypropylene mesh (74 mm) 
packets which had been pre-sealed on 3 rf 4 sides using a TSW TISH-300 Impulse Sealer (San 
Diego Bag and Supply; San Diego, CA). Each packet was also pre-labeled with a reference code 
using a KOH I NOOR RapidpgrajA pen with graphite based ink to allow them to be easily 
identified during resin addition and during the synthesis process. Each packet was then carefully 
sealed completely to make sure there would be no resin leakage. All the resin containing packets 
(up to 1 50) were then placed in a common Nalgene bottle. Enough CH2C12 to cover all the 
packets was then added to the bottle, which was then capped and vigorously shaken for 3 0 seconds 
on an Ebeibach Shaker (Fisher Scientific; Tustin, CA) to wash and swell the resin. The C:H2C12 
solution was then removed. All subsequent steps im^olved the addition of enough solvent to cover 
all the packets and vigorous shaking to ensure adequate solvent transfer. The N-t-Boc was 
removed by acidolysis using a solution of 55% TFA in CH2C12 for 30 minutes, leaving the TEA 
salt of the a-^mino group. The TFA wash solution was then removed The packets were then 
washed for 1 min with CH2C12 (2x), IPA (2x) and CH2C12 (2x) to squeeze out excess TFA and to 
prepare for neutralization. The TFA salt was neutralized by washing the packets three times with 
5% DIEA in CH2C12 for two minutes each. Thiswasfollowedby two washes with C:H2C12 to 
remove excess base. 

The resin packets were then removed ftom the common Nalgene bottle and sorted according to 
computer generated cheddists in prqaration for coupling. This was double checked to ensure the 
padcets were added to the correct amino add solutioa The padcets were then added to bo 
containing the appropriate 0.2 M amino add in CH2C12 and/or DMF depending on solubility. 
These solutions were also prepared using conqwter generated information. An equal volume of 
0.2 MDIPCDI was then added to activate the coupling reaction. The botdes were then shaken for 
one hour to ensure coirq)lete coupling. At con:^)letion, the reaction solution was discarded and the 
padcets were washed with DMF for 1 min to remove excess amino add and the by^oduct, 
diisopropylurea. A final CH2C12 wash as then used to remove DMF. The packets were then 
removed from thdr individual coupling bottles and placed bade into the common Nalgene bottle. 
The p^des were then completed by repeating the same iHocedure while substituting for the 
appropriate amino add at the coi^ling juncture. Thepadcets were then taken through a final 
addolysis along with subsequent CH2C12, IPA and CH2C12 washes to leave the peptides in the 
TFAsahfona The padcets were then dried in preparation for the next process. 
Final sidediaindeprotectionandcleavageoftheanchoredpcptidefrom the resin was 
through simultaneous liquid HF cleavage (Houghten RA et al , supra. 

Gaseous N2, HF, and argon were acquired from Air Products (San Diego. CA). Anisole was 
purchased from Aldrich Chemical Co. (Milwaukee, WI). Acetic add (HOAc) and ethyl ether 
were purchased from Fisher Scientific (T^istin, CA). Each padoet along with a Teflon coated stir 
bar was placed into an individual reaction vessel of a multi-vessd hydrogen fluoride apparatus 
(Multiple Peptide Systems; San Die©), CA). An amount of anisole equaling 7.5% of the expected 
volume of HF was then added to act as a caibonium ion scavenger. The reaction tubes were 
lubricated with vacuum grease at the point vihsxQ each contacts the apparatus and sealed onto the 
HF system. The system was then purged with N2 while cooling the reaction vessels to -l(y*C using 
anacetone/dryicebath. HF(g) was condensed to the desired level and tenqjeraturc elevated to - 
lO^'C using ice and water. The reaction was allowed to proceed for 90 minutes with the 
teng)erature slowly rising from -10°C to 0**C. HF was removed using a strong flow of N2 for 90 
minutes followed by the use of aspirator vacuum for 60 minutes while m ai nt ai n i n g the 
ten^)erature at 0°C. The reaction vessels were then removed from the ajqaratus and capped. The 
residual anisole was removed with two ethyl ether washes. The peptide was then extracted with 
two 10% HOAc washes. A 50 ml sample ofthe crude peptide was taken and run on an analytical 
Bedcman 338 (jradient HPLC System (Mo Alto, CA) using a \^dac C18 column to profile the 
initial purity ofthe compound. The crude pqrtide was then lyopliilized twice on a ^^rtis 
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Freezemobile 24 Lyophilizer, weighed and stored uiKler argoa 

Analytical RP-HPLC was used to determine the homogeneity and approximate elution conditions 
of the peptides produced HPLC grade acetonitrile (ACN) was purchased firom Fisher Scientific 
(Tustin,CA). HPLC grade TFA was obtained from Pierce Cheimcals(Ro(M)id,lL)^ RP-HPLC 
analysis was carried out on a Beckman 338 Gradient HPLC system (Palo Alto, CA) equipped with 
a BioRad AS-lOO autosampler and a Shimadzu CR4A integrator. The column used for all 
analyses this quarter was a VydacC-18 column (4.6 x 250 mm). The solvent system used was 
0,05% aqueous TFA (A) and 0.05% TFA in ACN (B) with a flow rate of 1 ml/min. Absoibonce 
was measured at 2 15 nm. Most peptides were analyzed using the following special gradient; 
5.60% (B) in 28 minutes. Hydrophobic peptides were analyzed using the following special 
gradient: 5-40% (B) in 9 minutes. 40-90% (B) for 10 additional minutes, 95% (B) for the last 9 
minutes. 

4 

Analytical data was reviewed. The product peak was identified and marked based upon 
knowledge of common impurities and the use of predicted HPLC retention times. 

Peptides that did not meet normal purity requirements for crude material were purified using 
preparative RP-HPLC techniques. HPLC grade acetonitrile (CAN) was purchased firom Fisher 
Scientific (Tustin, CA). HPLC grade TFA was obtained fiwm Pierce Chemicals (Ro<M)rd, IL). 
Purification was carried out on a Waters Delta Prep 3000 with a Preparative Waters Prep Pak 
Module Radial Compression C18 column (5cm x 25 cm, 10-20m). The solvent system used was 
0.05% aqueous TFA (A) and 0.05% TFA in ACN (B). The crude pej^des were solubilized in an 
HOAc/HlO mixture and injected onto die column with 0.25% to 0.50% ACN per minute linear 
gradient The absoitanoe was ineasured at 230 nmaiid 40 ml fractioiis were collected upon 
elution with an ISO Fraction Collector (Lincohi» NE). The preparative profile was reviewed and 
selected flections were analyzed by analytical RP-HPLC. The analytical data was reviewed and 
firactions were combined and lyophilized. The lyophilized material was weighed, sanq>led for a 
final analytical RP-HPLC analysis and stored under argon in powder form. This iMX)cess was 
r^)eated k the purity level attained was not sufficient . 

Mass spectral analysis was used to deteniiine the molecular weight of the peptic 95% 
ethanol was purchased fiiom Fisher Scientific (Tustin, CA). HPLC grade TFA was obtained firom 
Pi^ce Chemicals (Rockfoid, IL). Nitrocellulosematrices(targets) were purchased fit)m Applied 
Biosystems (Foster City, CA). 

The samples were solubilized in a 1:1 solution of 95% etimol and 0.1% TFA (aquec^ The 
samples were applied to a nitrocellulose matrix (Target). The mass spectra were obtained using an 
ABI Bio-Ion 20 Mass Spectrometer (Foster City, CA). The apparatus makes use of j^asma 
desorption ionization via a CX252 source. The ionized molecules are then analyzed via time-of 
flight An accelerating voltage of 15,000 V is used to accelerate the particles. 

The Protocol for Intramolecular Disulfide Bridge : 

Dissolve crude peptide (300-500 mg) in 200 ml of deo^gjenated water and adjust the pH to 8.5 
using NH40H 28% = Solution A. Note: Ifthe peptide is not very soluble in water, some MeOH 
can be added. 

Dissolve 0.5 g K3Fe(CN)6 in 200 ml <tf deo?grgenated water and adjust the pH to 8.5 using 
NH40H 28% = Solution B. Note: 0.5 g K3Fe(CN)6 is an average value for 500 mg of a 10 mer 
pq^de. The excess ofK3Fe(CN)6 should be approximately 3X. It can be acgusted. 

Solution A is then dropped slowly into solution B over a 2 hour period. The mixture is then 
allowed to react, for an additional 1 hour with stirring. The pH is then adjusted to 4.0-4.5 with 
10%ACTH. This solution is injected directiy into a preparative RP-HPLC. The major peak is 
then collected. This "pseudo dilution" technique &vors the intramolecular disulfide. Therefore, 



141 



the major peak is the cyclic product 



The chimeric enlerotoxin molecule was tested in nonnal rabbits and rabbits with estabhshed VX2 
carcinoma. It was administered intravenously aiKi peripherally with adjuvant Th^ 
molecule (Img/ml) was dUuted initially in 1 ml of sterile H20. When the solution was clear, 9 ml 
of normal saline was added The solution was filtered through a 0.45 m filter and stored m O.S-l 
mlaKquots. I>)sage ranged fix)m 2.6-5.0 mg/kg and was described over 3 minutes via the 1^ 
ear vein in a volume of 0.05 ml dUuted further in 1.0 ml of 0.15 M NaQ: 

The i.v.. line was then washed with 3 ml of 0. 1 5M NaCl. 

In two animals, the temperature rose only 0.3F over the ensuing 24 hours and there was no 
discernible toxicity over the ensuing 14 d^ of observation. One animal was described a second 
dose ofthe chimeric molecule in pluionic add triblock adjuvant This was described in a dose of 
g 5 s,,^itq«P«i«iy in each thigh with a total dose 5 mg/ks. The pluionic add triblock , 
preparation was prepared as foUows: 4.23 cc PBS; 0.017 oc Tween; 0.05 cc Squalene; and 0,25 cc 
Huronic. The PBS and Tween were mixed first then squalene was added followed by pluronic 
add The total mixture was vortexed for 3-4 minutes. Two ml (rf above plus 0.34 ml of the 
chimeric protein (34mg) plus 1.66 cc PBS were added to the mixture. The mixture was vortexed 
vigorously for 1-2 minutes. One ml was injected into each thigh (total voL injected was 0.17 ml or 
17 mg protein or 5 mg/kg). 

For neariy 5 vvedcs after injection, no adverse effects were noted The tumor showed slow, but 
pogressive growth over this period of time. To date, the chimeric enterotoxin molecule ^spears 
to be safe in aniinals and no untoward side effects were demonstrated The adjuvant used for these 
studies was the pluionic add triblock copolymer which has been used to boost the immune 
response to various antigens in animal models and which is under testmg at this point in humans 
with hepatitis and herpes simplex infections. Other adjuvants including those prepared in water 
and oil emulsion and aluminum hydroxide to administer various S Ags irt vivo to tumor bearing 
raUnts were also used 

Additionally, enterotoxins such as SEE, SED, SEC. and TSST-1 arc used to prepare hybrid 
molecules containing amino add sequences and homologous to the enterotoxin iamily of 
molecules. To this extent, mammary tumor virus sequences, heat shock proteins, stress pepti^ 
Mycoplasma and rayoobacterial antigens, and minor lymphocyte stimulating lod bearing 
tumoriddal structural homology to the enterotoxin femily are useful as anti-tumor a^nts. HylMid 
enterotoxins and other sequences homologous to the native enterotoxins are immobilized or 
polymerized genetically or biochemically to produce the repeating units and stoichiometiy 
required for (a) binding of accessory cells to T lymphocytes and (b) activation of T lymphocytes. 

Example 14 

Ph^rtnanraitic al Compositions and their Manufacture 
The pharmaceutical compositions may be in the form of a lyophilized particulate material , a 
sterile or aseptically proceed solution, a tablet, an ampoule, etc. Vehicles such as water 
(preferably buflfered to a physiological pHsudi as PBS or other inert soHd or liquid material may 
bepresent In general, the compositions arc prepared lybemginixed with or dissolved in, bo 
to or otherwise combined with one of more water-insoluble or water-sduWe aqueous or non 
aqueous vehicles, if necessary together with suitable additives and adjuvants. It is imperative that 
the vehicles and conditions shall not adversely affect the activity of the conjugate. Water as such 
is oonqjrised within the e?qpression vehicles. 

A suitable therapeutic composition is used in the treatment of cancer of any kind including but not 
limited to carcinoma sarcomas, lymphomas, leukemias and conq>rises a condonation of: 

(1) a lecomhinant DNA molecule encoding SAg in combination with, preferably fused with, 
another recombinant DNA sequence encoding another protein; 

(2) a recombinant DNA molecule encoding SAg-in combination with another pq3tide or 
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S^^^mbiiiant DN A molecule encoding a protein other than a SAg in combinalion with a 
S Ag peptide or polypeptide. 

These compositions that may comprise moie than one components are administered togethw or 
seqnenlialtymd they may be combined(separately or together) withade^^ 

liDOSomes as disclosed heieio. . , « i. j. ^* ^ 

Upon entering its intended or targeted cdls. the therapeutic composition Ifds to the Prod«^on of 
SAg and a scMod protein that may result in (a) apoptosU of the cancer cdl and (b) with " without 
su^ apoptosis. the activation of effector oeUs of the immune system, mduding any orall of the 
foUowkiff cytotoxicTcens,NKTcdls.NKccUs.Thelpercellsandmacrophages. Thepresent 
theiapeiSc compositions are usefid for the treatment of cancers, both pnmaiy tumors and tumor 
metastases. 

Use of the present therapeutic composition overcomes the disadvantages oFtradiaonal treatm^s 
for metastatic cancer. For example, compositions of the present invention can target dispersed 
metastatic cancer cells that cannot be treated using surgery. In addition, administration of such 
compositions is not accompanied by the harmfid side effects of conventional chemotherapy and 
radiother^iy. 

A therapeutic composition also comprises a phannacaitically acceptable carrier defined as any 
substance suitable as a vehicle for delivering a nucleic acid molecule (alone or m some 
combination with a protein) to a suitable //J viva or mw/ro site. Preferred carriers are c^p^e of 
maiiTtainiiig DNA in a form that is capable of entering the target cell and being expressed by the 
cell 

Prcfened carriers include: (1) those that transport, but do not spedficaUy targ^ a nucleic add 
molecule to a ceU (referred to herein as "non-tar^ng carriers"); and (2) those that deliver a 
nucleic acid molecule to a specific site in an animal or a specific cell ("targeting earners ). 
Examples of non-targeting carriers are water, phosphate buffered saline (PBS), Rin^s solution, 
dextrose solution, serum-containing solutions, Hank*s balanced salt solution, other aqueous, 
physiologically balanced solutions, oUs, esters and glycols. Aqueous carriers can contain smtable 
additional substances which enhance chemical stability and isotonicity, such as sodium acetate, 
sodium chloride, sodhim lactate, potassium chloride, calcium chloride, and other substances used 
to produce ph<^r*ate buffer, Tri s buffw, and Wcaibonate buffer and preservatives, such as 
thimerosal, m- and o-cresol, formalin and benzyl alcohol. 

Prefened substances for aerosol delivery include surfactant substances such as esters or partial 
esters of fatty adds containing from about 6-22 carbon atoms. Examples are esters of caproic, 
octanoic. Umric, palmitic, stearic, linoldc, linolenic, olesteric, and oleic adds. 

Other carriers can indude metal partides (e.g., colloidal gold particles) for use with, for example, 
a biolistic gun through the skin. . t ^ 

Therapeutic compositions of the present invention can be stenhzed by conventional methods and 
may be lyophilized. 

The compositions of the present invention are deUvered using a delivery vehicle that can be 
modified to targ^ a particular site in a subject Suitable targeting agents indude Ugands capable 
of selectively (/.e.. specifically) binding to another molecule at a particular site. Examples are 
antibodies, antigens, receptors and receptor ligands. For example, an antibody specific for an 
antigen on the surfece of a cancer cdl can be placed on die outer suifece of a liposome ddivcry 
vehicle to targ^ the liposome to the cancer cdl. By manipulating the chemical formulation of the 
lipid portion of a liposome iHeparation. it is possible to modulate its extracellular or intiaceUular 
targeting. Forexample, the charge ofthe lipid bilayerofa liposome surface can be varied 
chemically to pronrote fusion with cells having particular charge char^ Preferred 
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liposomes ooir^ a compound that targets the Uposome to a tumor ceU, such as a Ugand on 
outer surface of the Uposome that binds a molecule on the tumor ceU surfece. 



Although the DNA constructs of the present invention can be administered in naked form, a 
liposome is a preferred vehicle for delivery in vivo. A liposome can remain stable in an animal for 
a sufficient amount of time, at least about 30 minutes, more preferably for at least about I hour 
and even more preferably for at least about 24 hours, to deliver a nucleic acid molecule to a 
<tesiredsite. . , ^ i 

A liposome of the present invention comprises a Upid oomposiuon that can fuse with the plasma 
membrane of the targeted cdl to deliver the encapsulated nucleic acid molecule into a cdL 
Preferably, the liposomes* transfection cfiBciency is about 0.5 mg DNA per 16 nmol of liposome 
delivered to about 10^ cells, more preferably about 1 .0 mg DNA per 16 nmol of liposome 
delivered to about 10*^ cells, and even more preferably about 2.0 mg DNA per 16 nmol of 

6 

liposome delivered to about 10 cells. 

For use in the present invention, any liposome that is used in art-recognized gene delivery 
methods is appropriate. Preferred liposomes have a polycationic lipid composition and/or a 
cholesterol baddwnc conjugated to polyethylene glycol. 

Complexing a liposome with nucleic acids for uses described herein is achieved using 
conventional methods. A suitable concentration of DNA to be added to a Uposome preparation a 
concentration that is effective for delivering a suflScient amount of DNA molecules to a cell so 
that the cell can produce sufficient S Ag and/or a other transduced protein to induce tumoricidal 
activity or to stimulate or regulate effector ceUs in a desired manner. Preferably, between about 
0. 1 mg and 10 mg of DNA is combined with about 8 nmol liposomes; more preferably, b^een 
about 0.5mg and 5 mg of DNA is used even more prefiaraWy, about 1.0 mg of DNA is combined 
with about S nmol Uposomes. 

Another preferred ddivery sy^em is the sidded erythrocyte containing the nucleic acids of choice 
agiveninExan5>le6. The sicMed eiytlwrcytes undergo ABO and RH phenotyping to select 
compatible ocUs for delivery. The ceUs are deUvered intravenously or intrarterially in a blood 
vessel perfusing a specific ftmior site or organ e.g. carotid artery, portal vein, femoral artery etc. 
over the same amount of time required for the irifusion of a corrventional Wood transfu^ The 
quantity of ceUs to be administered in any one treatment would range fiom one tenth to one half of 
a fuU unit of blood The treatments arc generaUy given every three days for a total of twelve 
treaments. However, the treatment schedule is flexible and may be given for a longer of shorter 
duration (kpending upon the patients response. 

Another preferred dcUvery vehicle is a recombinant virus particle, for example, in the form of a 
vaccine. A recombinant virus vaccine of the present invention includes the DNA encoding the 
therapeutic composition packaged in a viral coat that allows entrance of the transducing DNA into 
a cdl and its expression. A nurnber of recornWiiant virus particles can be used, for exaniple, 
alphaviruses, poxviruses, adenoviruses, herpesviruses, arena virus and retroviruses. 
Also usefW as a delivery vehide is a "recoinbinantceUvaodne,* preferably tumOT vara in 
which allogeneic (though histocompatible) or autologous tumor cells are transfected with a DNA 
preparation encoding the therapeutic proteins or peirtides to be ejqiressed. The cells are preferably 
irradiated and then administered to a patient by aiiy of a number of known injection routes. 

The therapeutic compositions that are administered by "tumor cell vacdne," includes the 
recombinant molecules without carrier. Treatment with tumor cell vaccines is useful for primary 
or localized tumors as weU as metastases. When used to treat metastatic cancer, which indudes 
prevention of further metastatic disease, as weU as, the cure existing metastatic disease. 
As used herein, the term "treating" a disease iiKludes alleviating the disease or arty of its 
symptoms and/or preventing the development of a secondary disease resulting fiom the occurrence 
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of the initial disease. _ . . » ^i. ■ 

An "effective treatment piDtoool" includes a suitable and effective dose of an agent being 
administered to a subject, given by a suitable route and mode of admmistration to achieve its 
intended effect in treating a disease. 

Effective doses and nwdesofadministration for a given disease can tedetermin 
conventional methods and inchide, for example, determining survival rates, side effects (i.e.. 
toxicity) and qualitative or quantitative, objective or suljjective. evaluation rfd^ease progression 
or re^oa In particular, the effectiveness of a dose regimen and mode of administration of a 
therapeutic composition of the present invention to treat cancer can be deterimned by assessing 
respo^iates. A "response rate" is defined as the percentage oftieatedsulgects that respo«^ 
with either partial or complete remission. Remission can be determined by, for example, 
measuring tumor size or by microscopic examination of a tissue sample for the presence of cancer 
cells. 

In the treatment of cancer, a suitable single dose can vary depending upon the specie type of 
cancer and whether the cancer is a primary tumor or a metastatic form. Oncof skiD m the art can 
test doses of a therapeutic composition suitable for direct injection to determine appropriate sangie 
doses for systemic administration, taking into account tiie usual subject paramrters such as size 
and weight. An effective anti-tumor single dose of a therapeutic recombinant D>^mo^^ 
combinationthereof is an amount sufiBdent amount to result in reduction, and preferably 
elirninatiwi, of the tumor after the DNA molecute or comWnation has transfected cells at or near 

the tumor site. 

A preferiBd single dose of S Ag-enooding DNA molecule or fusion product tiieieof is an amount 
tiiat, when tiansfected into a target cell population, leads to the production of SAg »n aiiamount 
per transfected ceU, ranging from about 250 femtograms (fg) to about 1 mg, preferably firom about 
500 ig to about 500 pg and more preferabfy from about 1 pg to about 100 pg. 

When the SAg-encoding DNA is combined with a second DNA molecule encoding a second 
protein product, an effective single dose of a tiie second DNA molecule is an amount fliat when 
transfected into a target ceU population leads to Uie production of the second protem product in an 
amount, per transffected cell, ranging from about 10 fgto about 1 ng, more preferably from about 
100 fg to about 750 pg. 

An effective cancer-treating single dose of SAg-encoding DNA and a second DNA molecule 
encoding a second protein when administered to a subject using a non-targeting earner, is an 
amount capable of iwhicing, and prcfciably eliminating, die primary or metastatictomor foUowing 
transfection by the recombinant molecules of cells at or near the tumor site. A preferred suigle 
dose of such a therapeutic composition is from about 100 mg to about 4 n« of total recomhmam 
DNA, more preferabty from about 200 mg to about 2 mg, most prcferaWy from about 200 mg to 
about 800 mgoftotal recombinant molecules. 

A preferred single dose of liposomeK»nip!exed. SAg-encoding DNA, is from about lOOmg of 
total DNA per SOOnmol of Uposome to about 4mg of total DNA molecules per 32mmol of 
liposome, more preferably from about 200mg per 1.6nimol of liposome to about 3mg of total 
recombinant DNA per 24mmol of liposome., and even more preferably from about 400mg per 3.2 
mmol of liposome to about 2mg per 16 mmol rf liposome. 

One of skill in tiie art recognizes fliat tiie number of doses required depends upon the extent of 

disease and tiie response of an individual to treatment Thus, according to tiiis iiwention, an 
effective number of doses indudes aiv number required to cause regression of primary or 

metastatic disease. . ., , 

A preferred tieatinent protocol comprises monflily adminisbations of single doses (as descnbed 
above) for iq> to about! year. Aneffectivenumber of doses (per individual) of a SAg-enoodmg 
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DNA molecule and a second DNA molecule encoding a second protein, wiicn administered m a 
non-targ^ng carrier or when complexed with liposomes, is ftom about 1 to about 10 dosing 
preferably ftom about 2 to about 8 dosings. and even more preferably from about 3 to about 5 
dosings. Preferably, such dosings are administered about once every 2 weeks until 
remission appear, foUowed by about once a month untU the disease is gone. 

The ther^jeulic compositions can be administ^ by any of a variety of modes and routes, 
including bat not limited to, local administration into a site in the subject animal, which site 
contains abnormal cells to be destroyed An example is the local injection within the area of a 
tumororalesioa Another example is systemic administratioiL 

Therapeutic compositions that are best delivered by local administration include recombinant 

DNA molecules ^ „, . i loort 

(a) manon4argptingcarrier(e.g.,"naked"DNAmolecdesastaughtmWolffKera/..,l^ 

Science 247, 1465-1468); and 

(b) complexed to a delivery vehicle. 

Suitable delivery vehicles for local administration include liposomes, and may further comprise 
ligands that targ^ the vehicle to a particular site. 

A preferred mode of local administration is by direa injection Direct injection techniques are 
paiticulariy useful for injecting the composition into a ceUular or tissue mass such as a tumor mass 
or a granuloma mass that has been induced by a pathogen. Thus, the present recombinant DNA 
molecule complexed with a deUvery vehicle is preferably injected directly into, or locaUy in the 
area of, a tumor nu^ or a single cancer cell. 

The present conqx)sitionm2Qr also be administered in or around a surgical wound Forcxample,a 
patient undergoes surgery to remove a tumor. Upon removal ofthe tumor, the therapeutic 
composition is coated on the sur&ce of tissue inside the wound or injected into areas of tissue 
inside the wound Such local administration wiU treat cancer cells that were not successfuUy 
removed by the surgical procedure, as weU as prevent recurrence of the primary tunujr or 

development of a secon^ry tumor in the surgical area. 

Therapeutic compositions that are best delivered by systemic administration include recombinant 
DNA molecules complexed to a tumor binding ligand or a ligand that binds to the tumor 
vasculature or stroma. Examples are antibodies, antigens, receptor, receptor ligand or a targeted 
delivery vehicle as disclosed hercirL These delivery vehicles may be liposomes into which are 
incorporated targetmg ligands, preferably ligands that targeting the vehicle to the site of tumor 
ceUs or another type of lesion. For cancer treatment, ligands that selectively bind to cancer cells, 
or to cells within the area ofa cancer cell, are preferred Systemic administration is used to treat 
primary or localized tumors and, in particular, tumor metastases wherein the cancer cells are 
dispersed Systemic administration is advantageous when targeting cancCT in organs, especially 
those difficult to reach for direct injection, (e,g., heart, spleen, lung or liver). 

Preferred modes and routes of systemic administration include intravenous injection and aerosol, 
oral and percutaneous (topical) delivery. Intravenous injection methods and aerosol <telivery are 
performed conventionally. Oral deliveiy is achieved preferably by oomplexing the ther^paitic 
composition to a carrier capable of withstanding degradation by digestive enzymes in the subject's 
digestive system. Examples of such carriers, irKdudes plastic capsules or tablets as are known in 
the art. For topical delivery, the therapaitic composition is mixed with a lipophilic reagent (e.g, , 
DMSO) that can pass into the skirt 

The therapeutic con^sitions and methods ofthe present invention are intended for animals, 
preferaMy mammals and birds, in particular house p^ farm animals and zoo animals as these 
terms are generally understood By "farm aninials" are intended anirnals that are eaten or those 
that produce usefiil products (e.g., woolixrodudng sheep). Examples of preferred animal subjects 
to be treated are dogs, cats, sheep, cattle, horses and pigs. The present compositions and methods 
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aie effective in inbred and oulbred animal species. Most preferably, the animal is a hiunan. 

Another component usefiil in combination with tiie therapeutic nucleic acids of this invention is an 
adjuvant suited for use with a nucleic adAJoased vaccine. Examples of adjuvant-oonlauung 

compositions include , . ^ . - 

1) SAg^noodingDNA and a second DNAencodmg a recombmant proton; or 

2) SAg-encodingDNAooniWned with another p^de or potypepttde; or 

3) DNA encoding a second recomlMnantprtwein and a SAgpqjtide or polypqrtide. 

As indicated above, effective doses of a SAg-cncoding DNA combined wMi a second DNA 
molecule, cravaocinemicleic add molecule are determinedcoiwenuonally by thosed^^ 
art Cte measure ofan effective dose is that produces a suffident amount of SAg and sean^ 
protein to stimulate effector cell immunity in a manner that enhances the effectivenessdr the 
vaccine Adjuvants of the present invention are particularly suited for use in humans because 
many traditional adjuvants (e.g., Fteund-s adjuvant and other bacterial oeU waU w|npona«^) ^ 
toxic whereas otheis are idatively ineffective (e.g., aluminum^jased salts and calaum-based 
salts). 

Example IS 

nfttiftial Procedures for In Vtvo an d Fjc Vivo Sensitization to Produce 

Tumor Specific Effector Cells for Adoptive Tmrnnnntherapv ^ 
Tumor growth is initiated by subcutaneous inoculation of mice on botii flanks witii ISx 10 
tumor cdls suspended in 0.05 ml of BBSS. After 9-12 days of timior growth (approxmiately 8 
mm in diameter), tumor-draining inguinal LN are removed sterUely. Lymphocyte suspensions are 
prepared by teasing LN with needles followed by pressing with the Wunt end of a lO-nd plasUc 
^TtageinHBSS. Tumor draining LN cells are stimulated in v//K> in a two-step procedure. 
Briefly 4 x 10* LN cells in 2ml ofcomiflete medium (CM) containing the SAg constructs are 
incubated in a well of 24-weU plates at ^TC in a 5% C02 atmosphere for 2 days. CM consisted 
ofBPMI 1640 medium siqjplementedwitii 10% heat-inactivated FCS, 0.1 mM nonessential amino 
adds. 1 mM sodium pyruvate, 2mM freshly prepared L-glutamine. lOOmg/ml streptoi^n^ 
lOOU/ml penicillin, a 50 mg^ml gentamydn. 0.55mg/ml fungizone (all ftom GIBCO. Grand 
Island. N.Y.) and 5 xlo'*M 2-mercaptoethanol (Sigma). The cells were harvested, then washed 
and further cultured a 3 x IO*/weU in 2 ml of CM witii IL-2. After 3-day incubation in IL-2, the 
cells are collected and counted to determine the degree of proliferation. Finally, the cells are 
suq)ended in appropriate media for flow cytometric analysis, evaluation of cytotoxiaty and 
lympholdne secretion, or lor adoptive immnnotiierapy. 

Example 16 

General Adontive Imimmotherapv Protocol 

Mice are injected with 2 to 3 x 10* ^mgendc tumor cells suspended in 1 ml of BBSS to initiate ^ 
pulmonary metastases. On day 3, activated cells are given Iv. at numbos indicated general^ 10 - 

lo' In some instances, mice are also treated witit 15,000 U IL2 in 0.5 ml HBSS twice daily for 4 
consecutive d^ to promote the in vivo fimction and survival of the activated cells. Onday20or 
21 aU mice are randomized, killed and mrtastatic tumor nodules on the surface of the lungs 

enumerated as previously described, ifpnlmonaiy metastases exceeded 250, this number is 

arbitrarily assignedfor statistical analysis. The significance of differences in melasts«s numbers 
between experimental group is dcterminedby die WUcoxon rank sum test Two sided pvahies of 
< 0.1 are considered significant. Each experimental groiv consists ofat least five mice and no 
animal was exctoded ftom the statistical evaluatioa t 
For testing S Ag-glyoosylceramide complexes and SAg lipopolysaccharide complexes, additional 
models are used to assess die dependence ofthe antitumor effect on NKTcdls. NatinalkiUerT 
oelU (NKT) bmidKX?ytes ejqjress an imrariart TCR encoded by die Vl^ 



Mice with a deletion of Ja281 exclusively lack V14. The V14 NKT cell^cient mice no longer 
mediate IL-12 induced rejection of tumors. 

Also cenerated are transgenic mice lacking recombination activating gpne(RAG) which 
oreferaitially generate V14 NKT cells but block the development of other lymphocyte Imeag^. 
including NkTb, and Teens. These mice are tennedV14 NKT mice. J281+/+(wUd type), 1281- 
/^deleted of V14) and RAG-/-V14tgV8.2tg (deleted of NK, T and B cells but preferentially 
generate V14 NKT cells) mice are injected 

(a) with 2 X 10^ B16 or FBL-3 (eiythroleokemia) cells in the spleen to induce liver 
metastasis, ^ ^ 

(b) intravenously with 3x10 B16or2xl0 LLC (Lewis lung carcinoma) cells for 
pdmonaiy metastases or 

(c) subcutaneously with 2 x 10* B 16 cells (melanoma) for subcutaneous tumor growth pn 
d^O. 

S Ag conjugates or fusion proteins are injected in doses of 0 . 1 to 50 mg on days 3 , 5 ,7, and 9 afta^ 
the day of tumor implantation. Control animals are injected with PBS on the same schedule. On 
day 14 the mice are killed and either metastatic nodules counted or GM3 melanoma antigens 
measured by radioimmunoass^ as previously described For subcutaneous tumor growth, 
injection of lL-12 or PBS is initiated on day 5, and the mice are treated five times per week. The 
diameters of tumors are measured daily with caUpers. The sizes of die tumor are expressed as the 

products of the longest diameter times the shortest diameter (in mm ). 

Example 17 

Preparation and Administration of DNA L iposome Complexes 
A representative protocol for administration of DNA-Uposome complexes is as follows: DNA 
bposome complexes are mixed immediately prior to injection by adding 0.1 ml of la^^ 
Ringer's solution into a sterile vial of plasmidDNA (20mg^ml; 0.1ml). An aliquot of this solution 
(0 1ml) is added at room tenq)eraturc to 0 Jml of 150mM (dioleoyl 

phosphatidylethanolamine/3b[N<N',N'KiimethyIaminoetha^ cholesterol) liposome 

in lactated Ringer's solution in a separate sterile vial. The DNA and liposome vials are prepared m 
accordance with FDA guidelines and quality control procedures. After mcubation for 15 inmut^ 
at room temperature, an additiorml 0. 5 ml of sterile lactated Ringer's sohition is added to the vial 
andmixed. The DNA liposome solution (0.2 ml) is injected into the patient's tumor nodule un^ 
sterile conditions at the bedside after administration of local anestiiesia (1% lidocaine) usmg a 22- 
gauge needle. For catheter delivery, the DNA Uposome solution (0.6 ml) is delivered into the 
artery using percutaneous delivery. Additional protocols for administration of DNA hposomal 
consmacts are given in Nabel, GJ, Methods for Liposome-Mediated Gene Transfer to Tumor Cells 
in vivo, in: Methods in Molecular Medicine, Ciene Therapy Protocols, Robbins P ed. Humana 
Press, Totowa NJ. (1996). Cationic liposomes for delivery of DNA construct to the tumor 
endotheUum are prepared by the method of Thurston^/ a/., J. (nin Invest., 101: 140M413, 

(1998). 

Example 18 

General Procedures for Administering Construct s in Human Tumor Models and Human 

The constructs described herein are tested for tiierapeutic efficacy in several weD established 
n>dent models which arc considered to be highly representative as described!^ "Protocols for 
Screening Chemical Agents and Natural Products Against Animal Tumors and Other Biological 
Systems (Third Edition)", Cancer Chemother. Reports, Part 3, 3: 1-1 12, which is hereby 
incorporated by reference in its entir^. Additional tumor models of carcmoma and sarcoma 
originating ftom primary sites and prepared as established tumors at primary an^^ 
sites arc utilized to test further the efficacy of the constructs. 
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Example 19 

General Procedures for Administe rin g Tumor Cell s or Sidded Eivthrocvtes Transduced with SAfis and 
" S Ag-Activated T or NKT Cells in Hmnan Trn nor Models and Human Patients 

A. Tumor Cells Transduced with SA f^ Nucleic Adds alone or Cotransfected with Onco^pnes or 
Nucleic Acids Encoding Potent Tmmimogens and Bacterial Products 

In a representative protocol, using the B16 melanoma or A20 lymphs ^ 

above, 10^10^ transfected tumor ceUs are inq)lanled subcutaneously and 1-6 months later 10 -10 
untransfected tumor cells, are implanted In the case oftumor cells cotransfected with several 
therapeutic nucleic adds, controls arc estaWished consisting of groups transfected with only one of 
the nucleic adds. These single transfectants are administered on the same schedule as the 
cotransfectants and assessed for capadty to prevent or reverse tumor growth compared to positive 
controls reodving tumor alone. The animate reodving the SAg transfected tumor celb show no 
evidence of growth of the wild type tumor and prolonged survival compared to the controls m 
which there is 100% appearance of the tumors. The differences are statistically significant/ 
SAgtransfeaed tumor cells are also used to treat est*lished tumors as foll^^ Transfected 

tumor ceUs, 10^10^ are given 3-10 days after the appearance of established tomors. Results show 
statisticaUy significant anest oftumor growth, prolongation of survival in treated animals 
compared to untreated controls. 

B. S Ag Activated Effector T or NKT Cells . 
Effector T or NKT cells are ^nerated as described elsewhere and arc infused mtravenously m 

doses of 10^-10* into syngendc hosts that have pulmonary metastatic lesions established by 
injecting tumor cells intravenously 3 to 12 days earUer. Twenty days later, the animals are 
sacrificed and pulmonary metastases measured in treated animal s compared to untreated controls . 
Results show statistically significant reduction in total number of pulmonary nodules and 
prolonged survival in the treated group conqared to untreated controls. 

Example 20 

Cieneral Test Evaluation Procedures for Con structs and S Ae Activated 
Effector T or NKT Cells 
L f^ENERAL TEST EVALUATTQM PROCEDURES 

A. Calculation of Mean Survival Time 

Mean survival time is calculated according to the following formula: 
Mean survival time (days) = S + AS(A-D - (B +1) NT 

S(A.1)-NT 

Definitions : 

Day- Day on which deaths are no longer considered due to drag toxidty. Example: with treatment 

starting on Day 1 for survival systems (such as L1210, P388, B16, 3LL, and W256): 

Day A: Day 6. ^ ^ 

Day B: Day beyond which control group survivors are consi^red "no-takes. 

Exanmic' with treatment starting on Day 1 for survival systems (such as L1210, P388, and W256), Day B - 
Day 18 For B16, transplanted AKR, and 311. survival systems. Day Bis to be estaW^ 

S: ifthere are "no-takes" in the treated group. Sis the sum ftomD^ A through Day B. Ifthercare 
no "no^alres** in the treated group, S is the sum of daily survivors inmi D^ 

S(A-1); >fumberof survivors at the end of Day (A-1). 

Exanq)le: for 3LE21, S(A-1) = number of survivors on Day 5. 

NT: Number of "no-tafces" according to the criteria given in Protocols 7.300 and 1 1. 103. 

B. T/C Computed for aU treated groups 

T/C is the ratio (exjwessed as a percent) of the mean survival time of the fitted group di^ 
the mean survival time of the ^!fiolg«»?>- Treated group animals surviving beyond Day B, 
according to the chart below, are eliminated fiom calculations: 

No. of survivors in Percent of "no^akes" Ck>nclusion 
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treated group bevond Day B in control group 

1 Anypeicent "no-take" 

2 <10 drug inhibition 

10 "no-takes" 

3 <15 drug inhibition 

15 "no-takes" 
Positive control compounds are not considered to have "no-takes" r^ardless of the number of "no-takes" in 
the control group. Thus, aU survivors on Day B are used in the calculation of T/C for the positive control. 
Surviving animals are evaluated and recorded on the day of evaluation as "cures" or "no-takes." 

Calculation of Median Survival Time 

Median Survival Time is defined as the median day of death for a test or control group. If deaths 
are arranged in chronological order of occurrence (assigning to survivors, on the final day of 
observation, a "day of death" equal to that day), the median day of death is a day selected so.that 
one half of the animals diedearlicrandtheother half died later or survived Ifthe total number of 
animals is odd, the median day of death is the day that the middle animal in the chronological 
arrangement died. If the total number of aninials is even, the median is the arithmetical mean of 
the two middle values. Median survival time is computed on the basis of the entire population and 
there are no deletion of early deaths or survivors, with the following exception: 
C. Computation of Median Survival Time From Survivors 

If the total number of animals including survivors (N) is even, the median survival time (days) 
{X+Y)/2, where X is the earlier day when the number of survivors is N/2, and Y is the earliest day 
O when the number of survivors (N/2)-l. If N is odd, the median survival time (days) is X. 

y3 D. Com|;mtation of Median Smviv^ Time From Morta lity Distribution 

^^J Ifthe total number of animals including survivors (N) is even, the median survival time (days) 

Lfl (X+Y)/2, where X is the earliest day when the cumulative number of deaths is N/2, and Y is the 

earliest day when the cumulative number of deaths is (N/2)+l. If N is odd, the median survival 



time (days) is X. 

f 4 Cures and "No-Takes": "Cures" and "no-takes" in sy^ms evaluated by median slma^^ time are 



based upon the day of evaluatioa On the day of evaluation any survivor not considered a "no- 
take" is recorded as a "cure." Survivors on of evaluation are recorded as "cures" or "no- 
takes," but not eliminated fircm the calculation of the median survival time. 

E. C^alculation of Atmoximate Tumor Weight From Measurement of Tumor EHameters with 
Vernier (Calipers 

rU The use of diameter measurements (with Vernier calipers) for estimating treatment effectiveness 

Jo on local tumor size permits retention of the animals for lifespan observations. When the tumor is 

O implanted sc, tumor weight is estimated from tumor diameter measurements as follows. The 

S resultant local tumor is consickred a prolate ellipsoid with one long axis and two short axes. The 

two short axes are assumed to be equal. TTie longest diameter Oength) and the shortest diameter 
(width) are measured with Vernier calipers. Assuming spedfic gravity is approximately 1.0, and 
Pi is about 3, the mass (in mg) is calculated by multiplying the length of the tumor by the width 
squared and dividing the product by two. Thus, ^ ^ 

Tumor weight (mg)== length fmm) x (width fmml) Or Lx(W) 

2 2 

The reporting of tumor weigjits calculated in this way is acceptable inasmuch as the assumptions 
result in as much accuracy as the experimental method warrants. 

F. r; ! ^culation o f Tumor EHameters 

The effects of a drug on the local tunwr diameter oiay be reported direcdy as tumor diain^^ 

without conversion to tumor weight. To assess tumor inhibition by comparing the tumor 
diameters of treated aniinals with the tumor diameters of control animals, the three dian^^ 
tumor are averted (the long axis and the two short axes). A tumor diameter T/C of 75% or less 
indicates activity and a T/C of 75% is aj^roximately equivalent to a tumor weight T/C of 42%. 

G. Calculation of Mean Tumor Weight From Individual Excised Tumors 
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The mean tumor weight is defined as the sum of the weights of individual excised tumors divided 
by the number of tumors. This calculation is modified according to the rules listed below 
regarding "no-takes/ SmaU tumors weighing 39 mg or less in control mice or 99 mg or less in 
control rats, aie regarded as "nO"takes" and eliminated from the comp^ ns. In treated groups, 
such tumors are defined as "no-takes" or as true drug inhiWons according to the following rules: 
Percent of smaU tumors in Percent of "no-takes" in Action 

treated group control group. ; 

17 AiQrpercent no-take; not used m 

calculations 

lg.39 <10 drug inhibition; use in 

calculations 

10 no-takes; not used in 

calculations 

4Q <15 drug inhibition; usc'in 

calculations 

IS Code all nontoxic tests 

"33" 



Positive control oon^unds are not considered to have "no-takes" regardless of the number of "no-takes" in 
the control group. Thus, the tumor weights of all surviving animals are used in the calculation of T/C for 
the positive control. T/C are computed for all treated groups having more than 65% survivors. The T/C is 
the ratio (oqjressed as a percent) of the mean tumor weight for treated animals divided by the mean tumor 
weight for control animals. SDs of the mean control tumor weight are computed the factors in a table 
designed to estimate SD using the estimating fector for SD given the range (difiference between highest and 
lowest observation). Biometrik Tables for Statisticians (Pearson ES, and Hardey HG, eds.) Cambridge 
Press, vol 1, table 22, p. 165. 

n. SPECIFIC TUMOR MODELS 

A. Lymphoid Leukemia L1210 
RiiTnmary Asdtic fluid fiom donor mouse is transferred into recipient BDFl or CDFl mice. Treatment 
begins 24 hours after implant. Results are expressed as a percentage of control survival time. Under 
normal conditions, the inoculum site for primary screening is i.p., the conqwsition being tested is 
administered i.p., and the parameter is mean survival time. Origin of tumor line: induced in 1948 in spleen 
and lymjrti nodes ofmice by painting skin with MCA. J Natl Cancer Inst. 75:1328, 1953. 

Animals 

Propagation: DBA/2 mice (or BDFl or CDFl for one generation). 
Testing: BDFl (C57BL/6 x DBA/2) or CDFl (BALB/c x DBA/2) mice. 

Weight: Within a 3-g weight range, with a minimum weight of 18 g for males and 17 g for females. 
Sex: One sex used for all test and control animals in one experiment 
Experiment Size: Six animals per test group. 

ControlCjroi^: Numberofaniinals varies accordiiig to number of test groups. 
Tumor Transfer 

5 

Inject i.p., 0. 1 ml of diluted ascitic fluid containing 10 cells. 
Time ofTransfer for Propagation: Day 6 or 7. 
Time of Transfer for Testing: Day 6 or 7. 

Testing Schedule 

DayO: Inqdant tumor. Prepare materials. Run posftive control in every odd-numbered experiment. 

Record survivors daily, ^ . lu • 

Day 1 : Weigh and randomize animals. Begin treatment with therapeutic composition. Typically, rmce 
receive lugofthc test conqx)sition in 0.5 ml saline. Controls receive saline alone. The treatment is given 
as one dose per week. Any surviving mice are sacrificed after 4 weeks of therapy. 
Day 5: Weigh animals and record. 

Day20: Ifthere arc no survivors except those treated with positive control compound, evaluate 
Day 30: Kill all survivors and evaluate experiment 

151 



toiJS^r to control (T/C) lower linut for positive ooimol compound is 135^ 
Coo^te».alweig.ton^la^3,«^^^^^^ 

SSlSS«dactivilyacompositionsl««Udlu.vetwomdti^aa^ 125/o. 

S^^-^^SSSisin^tedinredpientBDFlorCDFlnu^^ Tr^i 
^Sho^SSplant Itesultsareexpressedasapercentagcofcontro sumvaltt^ 

Bacteriologists 33:&lii, 1957. 

Animals . 
Propagation: DBA/2 mice (or BDFl or CDFl for one generaUon) 

TesSM^BDFl(C57BL/6x DBA/2) or CDFl(BALB/cx DBA/2) mice. ^ ,^ , , 

S SaHJ«ightxang«^\«tha«immmn^ 

Sex: Ctae sex used for all test and control animals in one cxpenment 

EjajeiimeatSize: Six animals per test group. ^ r*»,.^m. 

COTbol Groups: Number of animals varies accoidmg to number of test groups. 

T^imor Transfer 
Implant: Inject ip « 
Size of Implant: 0.1 mldUutedascitic fluid containing 10 ceUs. 
Time of Transfer for Propagation: Day 7. 
Time of Transfer for Testing: Day 6 or 7. 

DayO: ^S^^epare materials. Run positive control in every odd-mmibered experiment. 

S^^^SSiSdomize animals. Begin treatment ^ therapeutic oompadtioi. T^jy^ 
Sive^gSthecompositionbeiiigtestedin0.5mlsaline. C^^ Thetreatment 
bSJenasom^doseperweek. Any surviving mice are sacrificed after 4 weeks of therapy. 

^ 20:^l[fSSSi/SStxcept those treated wth positive control compound, evaluate 
experiment. 

Day 30: Kill all survivors and cvahiate experiment. 

AcocptaSfiS'^ time is 9-14 days. Positive control compound is 5-fl«orouraal: sini^e^^^^ 
^S^mjection,intermittentdoseis60mgrtcg/injection.andch^^ T/C 
loweruSfcipositrvecontrolcompoundis 135% Check control deaths, no takes, etc. 

Compute^SSialwdght on Daysland5,andat the completion of testily c^ 
^Sith>65%survivoBonDay5. AT/Cvalue 85%iMcatesatoxictes^^mitMdT/C 
SSdnccessaiytodemonstiateactivity. AreproducedT/C 125%is~nfflde«d>«>r*y offi^ 
S^oSSdactivityasynthetic must have two multi^assays(each performed^ 
S2;tSr)SSceaT/C 125%; a natural product must have two different samples that produce a 

T/C 125% in multi-dose ass^. 

S^^ T^^^SantediporscUiBDFlmice. 
toSmlam or is delSdmitil an sc tumor of specified sizeCusualtyapproxm.^ 
L^dKltsexiJiessBd as a percentage of control survival time. The composition being tested us 
SSSeS aSS^^SSsuivivaltime. Origiiioftumor line: arose spontaneously m 
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1954 on the skin atthe base oftheearmaC57BL/6 mouse, Handbookon 

Mce, RoscoeB. Jackson Memorial I^boratoiy, Bar Haiix)r,^^^ ^;i\s^AnnNY Acad Set 100. 

Parts land 2, 1963. 

Animals 
Propagation: C57BL/6mice. 

Testing: BDFl(C57BL/6x DBA/2) mice. r 4^ t 

Weight: Wthin a 3-g weight range, with a mininmm weight of 18 g for males and 17 g for imaies. 

Sex* One sex used for all test and control animals in one experiment 

Experiment Size: Ten animals per test group. For control groups, the number of an^ 

to number of test groups. 

Tumor Transfer ^ . , x 

Propagation: Implant fiagment so by tiochar or 12.gauge needle or tumor homogenate (see below) every 
10-14 days into axiUaiy region with puncture in inguinal region. 
Testing: Excise sc tumor on Day 10-14. 

Homogenate: Mix 1 gortumorwith lo ml ofcold balanced salt soluUon and homogenize, and implant 0.5 

ml of this tumor homogenate ip or sc. 

Fragment A 25-mg fragment may be implanted sc. 

Tesdn p: Schedule j • ♦ 

DayO: Implanttumor. Prepare materials. Run positive control in every odd-numbered experiment 

Record survivors daily. 

Dayl* Weigh and randomize animals. Begin treatment with therapeuuccomposiuon. 

Typically, mice receive Img of the composition being tested in 0.5 ml Controls receive sdine 

alone. The treatment is given as one dose per week. Ariy surviving mice are sacrificed 8 weeks of therapy. 

Day 5: Weigh animals and record 

Day 60: Kill all survivors and evaluate experiment 

Oiialitv Control , . ^ « -i • i j 

Acceptable control survival time is 14-22 days. Positive control compound is 5-fluorouracil: smgledose is 
200 mg/kg/irijection, intermittent dose is 60 mg/kg/injection, and chronic dose is 20 mgrtcg^mjection. T/C 
lower limit for positive control con?x)und is 135% Check control deaths, no takes, etc. 

Evaluation , rt^tr^r 

Compute mean animal weight on Days 1 and 5, and at the completion of testmg compute T/C foraU test 
groups with > 65% survivors on Day 5. AT/Cvalue 85% indicates a toxic test An initial T/C 125 /o is 
considered necessary to demonstrate activity. A reproduced T/C 125% is considered worthy of furfter 
study. For confirmed activi^ a ther^)eutic composition should have two multiKtore 

T/C 125% 

Metastasis after IV Injection of Tumor Cells 

10^ B16 melanoma cells in 0.3 ml saline are injected intravenously in C57BL/6 mice. The mice 
arc treated intravenously with Ig of the composition being tested in 0.5 ml saline. Controls 
receive saline alorw. The treatment is given as one dose per week. Mice sacrificed after 4 weeks 
of therapy, the lungs arc rwnoved and metastases are enumerated. 
C. 3LL Lewis Lunp Carcinoma ^ 
Summary - Tumormaybeiir?)lantedscasa2-4mmfiagment,orimasa2xl0 <eUinocdum. Treatmem 
begins 24 hours after implant or is delayed untU a tumor of specified size (usually approximately 400 mg) 
canbepalpated The composition bring tested is administered ip daily for 11 days and the results w 
expressisd as a percentage of the control. 

C^ginoftumor line: arose spontaneously in 1951 as cartinoma of the lung m Cancer 
Res 15:39, 1955. See, also Malave, I. et ai,,J. Nat'l Cane, Inst 62:^-^^ (1979). 

Animals 
Propagation: C57BL/6mice. 

Te^g: BDFl mice or C3H. ^ ^ ^ r t 

Weight: Within a 3-g wei^t range, with a minimum weight of 1 8 g for males and 1 7 g for females. 
Sex: One sex used for all test and control animals in one experiment 

Experiment Size: Six animals per test group for sc implant, or ten for im implant For control groiq^ 
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number of animals varies according to mrniber of test groups. 
Implar«:^Steinhiiuilegor implant fegmentsc in axillary re^^^ 
region. 

Time of Transfer for ProFagation: Days 12-14. 
Time of Transfer for Testing: 12-14. 

DayO: I^S^fteparemateiiab. Run positive control in every odd-mnribered experiment. 

5^ vSSSdomize animals. Begin treatment with therapeutic compoatioa . „^ 

Really Se^^luTof the composition being tested in 0.5 ml saline^ Oon^ls receive s^^e atone. 
S^SSTis^asLdoseper^ Any surviving mice are sacrificed after 4 weeks of therapy. 

Day 5: Weigh aiiimls and record. 

Final Day: Kill all survivors and evaluate experiment 

AcceptaS^ightonDay 12is500.2500m& AcceptaWe to t^^^ 

SSTWsitive control compound is cydophosphainide: 20 mgncg«njection, qd, Days 1-11. Check 

control cteaths, no takes, &c. 

CompJSSud weight when appropriate, and at the oompletiaa of testingcompute TYC for all test 
S^the paran-etSistumor weight, areprodj^^ 

dememstrate activity When the parameter is survival time, a reproduableT/C 125/oisconsiderefl 
iS^SSSr^eacdvity^confirmedactivityai^cmusth^two^^^ 
^S^^S^aW^ lioratory); a natural product must have two deferent samples. 
D V -T . Lewis Limp C^ardnom a Metastasis Model 
This model has been utilized by a number of investigators. See, for example. 
Gorelik, K^tTj.^t'l Cane. Inst. 65:1257-1264 (1980); Gorelik. E. et al. Rec. Results Cane. Res. 
75-20-28 (1980): Isakov, N. et al. Invasion Metas. 2:12-32 (1982) 

TaS J.E i J. Nofl. Cane. Inst. 69:975-980 (1982); Hilgard. P. et al., Br. J.Cancer 251%- 
86(1977)). 

inTintra-footpad transplantation. tWs tumor produces meta^ 

suspensions ar?p«pared fiom soUd tiunors by treating minced timior tt^ "^^f^^^^^^^ 
ttSrCeUsarewashed3timcswithPBS(pH7.4)andSHspendedmPBS. Viability of tiie 3LL cells ^ 

prepared in this way is generally about 95-99% (by trypan Wue dye exclusion). Viable ttnnoroeUs (3 x 10 
-5xl0')suspendedin0.05ml PBS are injectedinto the right hind foot pads (rfC^ 
timwraiiSnaMidthediametersofesta^^ , 
;S?^^l«S<'f«^~»P«**i°°'^»«^^"'-'"^^"'- Cont«'»«'«««vcsahnealone. 
The treabnent is given as one or two doses per wedc . ^. ^ j- 

In experiments iim.hmig ttrnior excision, mice with tumors 8-10 mm m diameterare diyid^t^o two 
lXu^group.liwithtumorsareamputatedaflerUgationa^ ^^.^.^^ 
SgS.?;SirSasnonamputatedtiimor4«ringcontrol^ Amputation of^atumor^ leg ma 
tumor-l^riM mouse has no known effect on subsequent metastasis, niling out possible 
S^SSTsurgeiy. Surgery isperfonnedunderNembutalanes.hesia(60mgveteruu«y Nembutal 

per kg body weight). , .^^ 

TVtftrmination o f Meta.«itasis Si>read and Growth t „„„ fiv«i in Bouin's 

Mice are kiUed 10-14 days ato an^ Lungs are removed and weighei ^ungs are fix^ inBomns 
Sonandflmnmnberofvisiblemetastasesisrcoorded. Tte diameters of the metastas«aie^ 
„,easuredusingabinocalar Stereoscope equipped witiiamiciom^<ont«o^^ 
^^on. Onthebasisof Uie recorded diameters, it is possiTjle to calculate AevolmM 
^S^TodSne the total volmne of metastasesper tog. the mean nimfter of ^^^^ 
SS^bytter^hmteof metastases. To further determine metastatic growtii. rt is possible to 



154 



measure incoiporation of *^IdUrdinto lung cells (Thakur, MX. et al, J. Lab. dirt. Med 59:217-228 
(1977). TendaysfoUowmgtmnoramputation,25msofFdUrdismocuIate^ 

tuinor4)earing(and,ifusedttumor.resectedim^ IdUid One 

day later, lungs and spleens are removed and weighed, and IdUrd incorporation is measured 

using a gamma anmter. , • , , r*. 

Statistics - Values representing the indderK»ofmetastases and their growth m the lungs of 

bearing mice are not normally distributed Therefore, non-parametric statistics such as the Mann- Whitney 
U-Test may be used for analysis. . „ 

Study of this model by Gorelik et al (1980, supra) showed that the size of the tumor cell 
inoculum determined the extent of metastatic growth. The rate of metastasis in the lungs of operated inice 
was different from primary tumor-bearing mice . Thus in the lun^ of mice in which the primary tumor had 
been induced by inoculation of large doses of 3LL cells (1-5 x 10 ) followed l^ surgical removal, the 
number of metastases was lower than that in nonoperated tumor-bearing mice, though the volume of 

125 

metastases was higher than in the nonoperated controls. Using IdUrd incorporation as a measure of lung 
metastasis, no significant differences were found between the lungs of tumor-excised mice and tumor- 
bearing mice originally inoculated with 1x10 3LL cells. Amputation of tumors produced following 
inoculation of Ix 10^ tunKw cells dramaUcaUyaccderated metastatic growth. These results were in accord 
withthcsurvivalofmiceafterexcisionoflocaltumors. The phenomenon of acceleration of metastatic 
growth foUowing excision of local tumors had been observed by other investigators. The growth rate and ^ 

inddenceofpuhnonary metastasis were highest in mice inoculated with the lowest dos^ -1x10 
of nmior cells) and characterized also by the longest latency periods before local tu^ 
Immunosuppression accelerated metastatic growth, though nonimmunologic meclmnisms participate in the 
control exerted by the local tumor on hmg metastasis development These observations have implications 
for the prognosis of patients who undergo cancer surgery. 

E. Walker Carcinosarcoma 256 
Summary : Tumor may be implanted sc in the axillary region as a 2-^ nmifiagment, im in the tW^ 

0.2-ml inocuhmi of tumor homogenate containing 10 viable cells, or ip as a 0.1-ml suqjension containing 

10*^ vial^e cells. Treatment of the composition being tested is usually ip. Origin of tumor line: arose 
spontanecwsly in 1928 in the region ofthemamrnary gland of a pregnant alb™ J Natl Cancer Inst 

;j:1356, 1953. 

Animals 

Propagation: Random«bred albino Sprague-Dawley rats. 
Testing: Fischer 344 rats or random-bred albino rats. 

Weight Range: 50-70 g (maximum of 10-g weight range within each e?q)eriment). 
Sex: One sex used for all test arid control ariimals in one experiment. 

Experiment Size: Six animals potest group. For control groups, the number ofanimals varies according to 

number of test groups. 

Time of Tumor Transfer 
Time of Transfer for Propagation: Day 7 for im or ip implant; Days 1 1-13 for sc implant. 
Time of Transfer for Testing: Day 7 for im or ip implant; Days 1 1-13 for sc implant 

Ti^mftrTratirfer 

Sc ftagment implant is by trochar or 12-gauge needle into axillary region with puncture in inguinal area. 
Im implant is with 0^ ml oftumorhomo^enate (containing 10 viable cells) into the thigh. Ip implant is 

with 0.1 ml of suspension (containing 10 viaWe cells) into the ip caviQr. 

TfftinfiSchedMle , . . 

Prepare and administer compositions under test on days , weigh animals, and evaluate test on the days 
listed in the following tables. 

Test system Prepare drug Administer drug Weigh animals Evaluate 
5WA16 2 3-6 3 and 7 7 

5WA12 0 1-5 land 5 10-14 
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5WA31 0 1-9 lands 30 

DayO: Implant tumor. Prepare materials. Run positive controlin every odd-numbered expenment. 

Record survivors daily. 

I : Weigh and randomize animals. 
Final Day: Kill ail survivors and evaluate experiment. 

Oiiaiity rontiol 

Acceptable im tumor weight or survival time for the above three test systems: 
5WA16: 3-12g.5WA12: 3-12 g. 5WA31 or5WA21: 5-9 days. 

Compute^^^£al weight when appropriate, and at the completion of testing compute T/C for aU test 
groups When the parameter is tumor weight, a reproduciljle T/C 42% is consid^ 
demonstrate activity. When the parameter is survival time, a rcprodudble T/C 125% is considered 
necessary to demonstrate activity. For confirmed activity a therapeutic agent must have activity m two 
multi-dose assays. 

F. A20 lymphoma 

10* murine A20 lynq)homa cells in 0.3 ml saline arc injected subcutaneously in Balb/c mice. The mice are 
treated intravenously with Ig of the composition being te^ in 0.5 ml saline. Controls receive saline 
alone. The treatment is ^ven as one do^ per week Tumor growth is monitored daily by physical 
measurement of tumor size and calculation of total tumor volume. After 4 weeks of tiierapy the mice are 
sacrificed. 

Treatment R e gimens and Results (Co nstructs) 

For determining efficacy in the tumor models described above the general categones of 
Uierapeutic constructs used are given below. For aU of tiie classes of conjugates listed below, the 
S Ag component can be prepared as eitiier a DNA encoding S Ag or as tiie S Ag polypeptide itself 
In eitiicr form tiie SAg DNA or protein may be conjugated to additional molecules, either nucleic 
acid or polypeptides. Operationally, for tiierapeutic use in vivo or ex vivo, tiiese conjugates may 
be prepared by chemical coiQ>ling or by recombinant means (whichever is appropriate) and 
conjugated to a tumor-targeting structure or incorporated into a vehicle (e.g., liposomes) that 
tiiemselves comprise a tumor targeting structure(s). Again, examples of such targeting structures 
include, tat are not limited to, an antibody, antigen, receptor or receptor ligan^ Metiiodsare 
disclosed in Exam^es 1, 3, 4, 5, 6, 7, 14, 17, 18, 30-32. 

1. SAg Nucleic Acid Constructs including Phage Displays and 
SAg Transfected Bacterial Cells 

2. Glycosylated SAgs 

3. Chimeric SAgs 

Conjugates having a Superantigen con^nent (polypqrtide or nucleic add) and a partner that is 
eitiier a single component or a conjugate of 2 or more components (protein, carbohydrate, liiad or 
DNA) as indicated below. 



Suoerantieen (Protein or DNA) 


Partner (Sinple Corarwnent or Conhieate) 


4. 


DNA coding sequence 


5. 


Polypeptide 


6. 


Nucleic add 


7. 


Tumor associated Peptide 


8. 


Tumor Antigen-MHC protein 


9. 


LPS 


10. 


Lipoarabinomannan 


11. 


Ganglioside 


12. 


Glyoosphingolipid 


13. 


G^g^ioside-CDl receptor 


14. 


CHycosphingolipid-CDl receptor 


15. 


Glycosylceramide (e.g., Gal-(}er) 


16. 


GalCIcr-CDl recqjtor 
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17. 
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Gal 



Arg-Gly-A^orAsn-Gly-Arg 



iNC6 



Gb2orGb3orGM 

Z[' (Gb2 or Gb3 or Gb4)-CD1 receptor. 

-GPHGb2 or Gb3 or Gb4) 
23 -GPI-{Gb2 or Gb3 or Gb4>€Dl receptor_ 

24* Verotoxin 
25* Verotoxin A or B Subunit. 

2^' IFNa receptor peptide homologous to VT 

27 CD19 peptide homolo^us to VT 

LDL,VLDL,HDL,IDL 

il' Apolipoproteins (e.g., Lp(a), apoB-100, apoB-48, apoE) 

3Q OxyLDL, oxyLDL mimics. (e.g., 7b-hydropen3xycholes|erol, 

Tb-hydroxycholesterol, T^oetocholesterol, 5a-6a- 
epoj^cholesterol, 7l>liydroperoxy-choles-5-€n-3lH)l. 4- 
hydroxynonenal (4-HNE), 9-HODE, 13-HODE and 
cholesterol-9-HODE) 
OxyU>L hy products (e.g. lysolecithin, 
3 J lysophosphatidylcholine, malondialdehyde, 4- 

hydroj^nenal) 

^2 LDL & oxyLDL receirtors (e.g., LDL oxyLDL, acetyl-LDL, 

VLDL, LRP, CD36, SREC, LOX-1, macrophage scavenger 

receptors) 

33 phytosphingosine, -<}PI-phytosphingosine 

34* tumor associated lipid antigens 

35* glycolipid, proteolipid, glycosphingoUpid, sphin@)liirid 

with inositolphosphate -containing head groups, 
phytoglyoolipids, mycoglycolipids, -GPI-sphingosines. 
-GPI-lipids 

3^ sphingolipids with inositolphosphate-oontaining head 

groups having the general structure: 
ceramide-P-tttyoinositol-X with X referring to polar 
substituents comprising ceramide-p-inositol-mannose, 
inositol-l-P-(6)mannose(aU inositoMP-(l)ceramide, 
(inositol-P)2-ceramide, inositol4>-inositol-P-ceramide, 
inositol-P-inositol-P-ceramide. 

3y tumor associated gjycan antigens consisting of 

peptidoglycans or ^can phosphotidtyinositol (GPD 
structures 

Vaccine Use , . , , 

Fbr use as a vaorine, the constructs arc administered subcutanw 

intradermaUy or intraperitoneally in doses langing from 50 to 500 ng in various vehicl^aich as 
Freuntf s acBuvant, aluminum l^droxide, pluruonic add triblodc and Uposomes as described m the 
art Doses may be repeated every 10 days. Tumors are implanted after the last dose. A control 
group does not receive the vaccine. 

TT cft in Ffitflhlished Tumors ^, 

— For proteins or ^leic acid constructs, treatment consists of injecting ammals iv or ip with 50. 
500 1000 or 5 000 ng of in 0. 1-0.5 ml of normal saline. Unless indicated otherwise above, 
treatments are given one to three times per week for two to five weeks. Phage displays, yeast ^ 

displays and vesilde , SAg-bacterial or viral constructs or SAg vesidcs are administered as 10 
transdudngumts<TU)andirradiatedbacterialcdk,yeastcelk cells iv into Uietaa vein 

one to three times per wedc for two to five weds or directly into tumor in 30-75% or the IV 
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on the same schedule. Exosomes or vesicles, harvested fern transfected, 
tumor cells or sickled cells or mutant yeast are given i.v. into the taU vein in a dose of 0.25-1 g per 
animal one to three times per week for two to five weeks. The results shown in Table VI are for 
each composition and dose tested The results are statisticaUy significant by the Wilcoxon rank 

^Sntregmens for SAg activated rffectorT or NKT cells are in Examp^^ 18, 19. The 
preferred animal model for evahiation of the adoptively transferred T or NKT effector ceUs is the 
MCA 205/207 fibrosarcoma with pulmonary metastases (Shu S. ei aL, J. Immunol 152: 1277- 
1288 (1994)). The other models given in Example 20 are also suitable for evaluation of the 
therapeutic effectiveness of the effector T cells. 

TABLE VI 

Tumor Model Parameter % of Control R^n?e 



L1210 


Mean survival time 


>130% 


P388 


Mean survival time 


>130% 


B16 


Mean survival time 


>130% 


B16 metastasis 


Median number of metastases 


<70% 


3LL 


Mean survival time 


>130% 




Mean tumor weight 


<40% 


3LL metastasis 


Median survival time 


>130% 




Mean lung weight 


<60 




Median number of metastases 


<60% 




Median volume of metastases 


<60% 




Medial volume of metastases 


<60% 




Median uptake of IdUrd 


<60% 


Walker carcinoma 


Median survival time 


>130% 




Mean tumor weight 


<40% 


A20 


Mean survival time 


>130% 




Mean tumor volume 


<40% 



Example 22 

Antimmor Effects of Therapeutic Constructs and Effector T. NKT Cells or Sickled Erythrocytes in Human 

Patients 

All patients treated have histologically confirmed malignant disease including carcinomas, 
sarcomas, melanomas, lymphomas and leukemia and have fiailed conventional therapy. Patients 
may be diagnosed as having any stage of metastatic disease im^olving any org^ Staging 
describes both tumor and host, including organ of origin of the tumor, histologic type and 
histologic grade, extent of tumor size, site of metastases and functional status of the patient A 
general classification includes the known ranges of Stage I (localized disease) to Sta^ 
4(widespread metastases). Patient history is obtained and physical examination performed along 
with conventional tests of cardiovascular and pulmonary fimction and appropriate radiologic 
procedures. Histqsathology is obtained to verify malignant disease. 

Example 23 

Treatment Procedures 

Constructs (or Preparations) . 

Doses of the coiistnicts are determined as described above using, mter alia, apiaropnate ammal 
models of tumors. Two cbssesofthcrapeutic compositions are administered namely SAg proteins 
or S Ag conjugates (nucleic adds or pqptides^lypeptides), SAg pha^ displays, SAg yeast 
displays, SAg bacterial cell displays, as described above for animal models. 
A treatment consists of injecting the patient with 0.5-500 mg of Construct intravenously in 200 ml 
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of normal saline over a one hour period Treatments are given 3x/week for a totol of 12 
treatments. Padents with stable or regressing disease are treated beyond the 12 treatment 
Treatment is given on either an outpatient or inpatient basis as needed 

KffertnrT or NKT Cells . „ ,nKA^<!r: 

Eligible patients are treated with tumor antigens such as irradiated tumor cells or GM-CSF 
traSduced tumor ceUs injected approximately 10 centimeters ftom a draining lymph node site 
Ten days post injection, draining lymiA nodes are obtained in a limited surgical pioced^ 
site drainingthe injection. The lymph nodes are converted to a single oeUsnji)ension«rf 
Ivmnhocytes and these are incubated with various S Ag preparations for two days foUowed by II-2 
forln aMtional 72 hours. These lymphocytes now caUedeffertorTceUsOT 
adoptive immunotherqjy. . . ,. ...^ 

Effector T or NKT cells harvested by centrifligation at 500x g for 15 nun and the cell peUets are 
pooled After washing the cells in HBSS, the cell are resuspended in 200 ml of normal sahne 
containing 5% human serum albumin and 450,000 lU of IL-2 for transfer. Each recipient wiU 
receive four escalating doses or 33 million. 100 miUion. 330 million and 1 billion cells per square 
meter ofbodysuifiice area each given one week apart. Cdls arc infiised through a subclavian 
central venous catheter over a 30- minute interval. IL-2 administraaon i.v. is commenced 
immediately after completion of cell infusion at a dose and schedule of 180,000 lU/ml eveiy 8 h. 
for 5 days All patients receive indomethadn (50 mg P.O.) every 8 h, acetaminophen (650 mg 
P O ) every 6 h. and ranitidine (1 50 mg P.O.) every 12 h while receiving IL-2 m order to reduce 
fdwile and gastric side effects. As controls, a cohort of patients is treated with the in vivo tumor 
vaccination step and IL-2 without the tumor cfiBector cells. Patients wUl be foUowed for chmcal 
response eveiy 4 weeks for 2 numths with iqjeat radiol<«jcal examinations. 



AhhreviatedExp m plaiv Human P mtomir Reouenti ^l A ^^^"''^"" «f GM-<^ Transduced Tumor 

In vivo and SAP Activated NKT arid T Qdls ex v ivo m Patients with Metastatic Renal Cell Carcinoma and 

Melanoma 

In vivo Phao^- TtniiiiiiiiTation with Ca^-CSF Tiansdu" ^ Tumor CeUs 

Dayl: GMCSFtiansfected tumor cells (renal carcinoma/melanoma) are injected as given m 
Phase I GM-CSF Gene Transduction Protocol [Human Gene Ther^ 6: 347r368, (1995)1 
Dot 7-10- LymiA Nodes draining the 0(!-CSF transfected tumor ceU sites are removed and 
placed in tissue culture OR patients are pheresed and their peripheral blood T cells and NKT cells 
collected for iiirflier treatmem in tissue culture as described below. 

fir VIVO Phase: Immuniza tion with SAg . 

1 The T cells are Stained from either lymph nodes drainmg GM-CSF transduced tumor cell 
iiiimunization or peripheral blood and subdivided into CD4+CD8+ (T ceU) and CD4-CD8- (NKT 

cell) pcqjulations. , . . , 

2. SAg enteiotoxin B is added to cultures of the NKT and T ceU populations for 48 hours. 

3. The NKT cells and T cdls are further expanded for an adcfitional 72 hours (optional). 
SAg Activated NKT and/or T rM} Ariministration . . 
— 1. The CD4+CD8+ (T cell) and CD4<m- O^KT) populations are harvested for mjection mto 

patients. 

2. T cells or NKT cells are administered with a mean 1011 cells p» patient 

Assessment: . . , . 

1 TcellsphenotypesforNKToeUmariH!is.Vexpression,CD44.CD62arecarnedoutonlymph 

node and peripheral blood T cdls or NKT cells immediately after tiidr removal and at vanous 

intervals after ex vivo SAg stinnilation and ejqwnsion. 

2: Tumor and OTH assessment are as described in tiie Phase I Protocol on GM-CSF Transduction 

[Human Gene Therapy 6: 347-368 (1995)]. 

Patient Evaluation , ^ . . „„AinA^ 

Assessment of leqxmse of the tumor to flie therapy is made once per wedcdunng therapy and 30 days 

159 



thereafter Depending oa the response to treatment, si^ _ 
those established by the International Union Against Cancer and are listed m Table m 



TABLE Vn 



RESPONSE 

Complete remission (CR) 

Partial remission (PR) 

Less than partial remission (<PR) 

Stable disease 

Pro^ies^on 



PEFINTnON 

Disappearance of all evidence of disease 

> 50% deoiease in the product of the two greatest 
perpendicular tumor diameters; no new lesions 
25-50% decrease in tumor size, stable for at least 
1 month 

<25% reduction in tumor size; no progression or new 
ksions 

> 25% increase in size of any onemBasaredtesaon or 
zppeasascQ of new lesions despte stabilization or 
remission of disease in other measured sites 



The efficacy of the therapy in a population is evaluated using conventional statistical inethods 
including, for example, the Chi Square test or Fisher's exact test Long-term changes m and short 
term chan^ in measurements can be evaluated separately. 

One hundred and My patients are treated. The results are summarized in T^^^ Positive 

tumor responses are observed in 80% of the patients as follows : 
TABLE Vm 

Ail Patients 
RgsDonse No. % 



PR 
<PR 



20 
10 



66% 
33% 



Tamor Ty pes Restx>nse 
Breast Adenocarcinoma 
Gastrointestinal Carcinoma 
Lung Carcinoma PR+<PR 
Prostate Carcinoma 
Lymphoma/Leukemia 
Head and Nedc Cancer 
Renal and Bladder Cancer 
Melanoma 



% of Patients 
PR+<PR 
PR+<3'R 
75% 
PR+<PR 
PR+<PR 
PR+<PR 
PR+<PR 
PR+<5*R 



80% 
75% 

75% 
75% 
75% 
75% 
75% 



Example 24 

PfeparationofDCs 

Splenocytes obtained ftom naive C57BL/6 females are treated with ammonium chloride Tris 
bufirerfor3minat37«CtodepleteredWoodcells.Splenocytes(3ml)at2xl0 cdls/mlaie 

layered over 2 ml metrizamide gradient column (Nycomed Pharma AS, Oslo, Norway; analyUcal 
grade, 14.5 gadded to 100 ml PBS, pH 7.0) and centrifoged at 600 g for 10 mm. TheDC- 
enrichcd fracdon from the interface is further enriched by adherence for 90 mm. Adherent cells 
(mostly DC and a few contaminating macn^hages) are retrieved by gentle scraping and subjected 
to a second round of adherence at 3T'C for 90 min to deplete the contaminating macrophages. 
Non-adherent cells are pooled as splenic DC, and by FACS® analysis are -80-85% DC (stainwith 
mAb 33D1), 1-2% macrophages (stain with mAb F4/80), 10% T ceUs, and <5% B cells. The 
pellet is resuspended and enriched for macrophages by two rounds of adherence at 37T for 90 
mm each. More than 80% of the adherent population is identified as macrophages by FACS<g) 
analysis with 5% lymphocytes and <5% DC. B cells are sq)aratedfix)m the non-adherent 
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population (B and T cells) by panning on anti-Ig-coated plates. The separated cell population 
which is comprised of >80% T tymphocytes by F ACS analysis is used as responder T cells 

Generation of Rone Marrow -Derived DCs. ^ :„ rT^ii 

Eiythiocyte depleted mouse bone marrow »lls from flushed marrow cavities are cultured in CM 

with 10 ng/ml GM-CSF and 10 ng^ml IL^ at 1 x 10* cells/ml. On day 7, DCs are harvested^ 
genae pipetting and are enriched by 14.5% (by weight) metrizamide (Sigma) CMgradieirts. The 
tow denS inteifece containing the DC is collected by genUe pipette aspiratioa The floating DCs 
express CDl lb. CDl Ic. CD86, DEC205, MHC class I and H and CD40. TTiey are negative or 
low for CD3 and B220 ejqnession. 

DC C ultures , . _ _^ 

Mouse BM-DCs are prepared in CM with IL^ and GM-CSF (1000 lU/ml each). The DC are 
washed twice with CM. emimeiated purity >90% by positive ooexpression of MHC ctos IJ- 
CD40 CD80 CD86 and CDllc by fluorescence-activated ceU sorter (ACS)], and cultured in 
with added cytokines for fiuthcr studies. Human-monocyteKleiived DCs are obtained from the 
adherent fraction of mononuclear cells of healthy volunteers and are incubated 7-8 days in AIMV 
containing L-Ghi, antibiotics and iliIL-4 and ihGM-CSF (1000 lU/ml each. Sdiering Plough. 
Kenaworth. NJ, USA). After 8 days in culture, the loosely adherent or floating cells show^pical 
dendritic morphology, express high levels of MHC class I and H molecules. CD40 and CD86; 
most are positive for CDla and CDl Ic but low or negative for CD2. CD3. CD14, CD19 and 
(3X3. 

Example 25 

Pn yanitinn of DCATum nr rells Hybrids fDC/tc) 
DCs derived from EM culture are ftsed with tumor cells at a 3:1 (DCmimor cell) ratio using 
polyethylene glycol (PEG; MW=1450)©MSO solution (Sigma), hi brief, tumor cells are cultured 
in CM supplemented with 20% PCS and 1 X OPl solution (oxaloacetate. pyruvate, and msuli^ 
Sigma) for 4-6 h brfore fusion. Tumor cells and DCs are then mxsd and washed witii serum-free 
mSttum After removing tiie medium, I ml of PEG is added to die cell peUet while resuspending 
the ceUs by stirring for 2 min. An additional 10 ml of serum-free medium is added to the cell 
suspension over the next 3 min. with continued stirring. Thecellsarecentrifiigedat400xgfor5 
nuiThe cells are resuspended with 20% PCS CM and cultoired for 24 h befijre staining or tong 

used as targets or vacdnes. Fusion prqjarations of DCs with B16 or RMA-S are teimed B16/DC 
and RMA-S/DC, respectively. 

Phenotvne staining of Fus ed Hybrid Cells .^^^ 

B 16, RMA-S, DCs, and tiieir fused hybrids are analyzed by staining with FTTC- or PE-conjugated 

mAbs (PharMingen) against MHC antigens (D. K . lA ) adhesion and costimulatoiy molecules 
(B7 1 ICAM4) and lymphocyte antigens (Thy-1.2, Smig) at 4<»C for 45 mia DCs were identified 
by labeling with mAb against CDllc (N418). B16, B16/DC or B16/B16 fiised cdls aie^ined 
witii mAb against AKV Env gp85 protein (M562, provided by Dr. Masaru Tanigjichi, Chiba 
University. Tokyo. Japan) as a B16 tiimor-spedfic marker. RMA-S andRMA-SflDC fiised ceUs 
are stained with Thy-L2 or mAb against the R-MuLV-encoded Gagpl2 protein (584, ptwidedby 
Dr Bruce Ches*ro, National Instihite of Allergy and Infectious Diseases, Hamilton. MO) as 
RMA-S tiunor-derived mariters. The method for labeling cells with TRTTC (rhodamine) is 
described. BrieHy. cells are tesuspended in RPMI 1640 at 1 x 10* cells/ml and incubated with 
TRITC (0 5g^ml) in 37°C for 45 mm. The labeled cells are washed tiiree times and used for fiision 
studies. Tte i*enotypes of fresh and cultured LN T cells is determined by FACS analysis 

foUowing staining with FTTC- or PE-conjugated mAbs against Thy-1.2, Lyt-2, and L3T4 
(PharMingen). AU ceils are washed twice with HBSS and fixed with 0.2% paraformaldehyde. 
Fluorescence intensi^ and positive ceU percentage were measured on a F ACScan flow 
micrafluorom^ (Becton Dkddnson, Sunnyvale, CA). 
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Additional Fusion Methnrfc 



8C5. anb-Gr-l (PliaiMiiigeii, SanDieja, CA^Inli^^^^^^ '^'^ ^ 229); and (5) RB6. 
s«-wllculturepIatesinK^S£2^^'^^*^ The cells are piSi^ 

IN). At day 7 of culture. nonadhereSS^^, ^orfmnger Mannheim. Indianapolis. 

nonadheremceUpopulationisrcmwS^rrSSSS^^ After 18 h. the 
oat^thSOo/oPEGinlMbecco-sP^r^^ 

^attachedtothe^tTSi-^^^ 

Flow Cvtflm^try 

2) or mAb 3E. (anti-ICAM-1) fij JSS' m-BJ-l), mAb GLl (an£S- 

fluoresceinisothio<g^te(nTC)-coiSlS^^^ 

^fer 30 nun on ice. Saiiples i^SCS^S^^"'*,'^-'^ '^^^ 
Dicfanson, Mountain ViewTcA). ^^^*™*«™ly^maFACScan(Becton 

tte protocol provided by W.Stoikus.etaf Bi«,^ „ "^"^ *'"Sui. following 

f-3^oldnonnarC576IV6tl^B^.W^ "^"^ 

perfonnedinthisn.nntunlessZ^X.5^ "^^""^ 

^edblood censure lysed^r^.^^,,,^,^^^3,^^^^^ 



3. 



Solution (Sigrim R7757) and incubating the tube on ice &r 2 minutes. After neutralizing the 
ammonium chlonde action with complete medium, the cells were centrifuged to pellet them. 

havelow ndotoxm levels, lite cocktail consisted of 5 mg^ml of the following monocK^ 

R^^6.1. atjd-B220/CD45R, Phanni«g.n OllZOD (4) anti GRI. Phatmi^^S 
A^es w«e dUuted m complete medium, cells weie then lesuspended in the cocktail and 

la ^ staining and FACs analysis tcvealed appn,ximalely 75% of the population to be CDllc 
ff^ffSKlriticccn^with ,SRRTnnrfectedHl^FinM>.o.„^T 

»d 

3. f beta ««oa cau ™„ <^ to »^ 



dendritic cell preparation) supplemented with 20% FCS and IX OPI solution (oxaloacetate, 
pyruvate, and insulin, Sigma). Tumor cells and dendritic cells were mixed and washed three times 
with serum-free medium. After removing the medium, 1 ml of PEG was added to the cell pellet 
while resuspending the cells by stirring for 2 min. An additional 10 ml of serum-fiee medium was 
added to the cell suspension over the next three minutes with continued stirring. The cells were 
centrifuged at 400 x g for 5 min. and resuspended with complete medium 20% FCS. CeU 
suspensions were cultured in bulk cultures. 

4. In order to eliminate the melanoma cdls remaining in the bulk culture, diflFerential 
adherence aibculturing was performed. Cultures were **fractionated" into nonadherent (transfer of 
the upper half the culture medium with floating cells), loosety adherent (transfer of cells 
resuspended by ^tle pipeting), and adherent (cells requiring tiypsinization to recover): Cells 
transferred to fresh cultures were refed with complete medium containing 20% FCS. Subculturing 
was performed ev^ 2-3 days or as needed for approximately two weeks. 

5, Analysis of dendritic ceU-melanoma ceU fusions to detect CDllc positive cells was 
performed on cultures approximately 2 weeks after fiisioa Cells were plated at 2 x lO^cellsAvell in 
four well slide cultures. After three days in cultures, cells were stained with either antibocfy to 
N418 antigen (CDl Ic), a dendritic cell maiker, using phycocrythrin (PE) labeled antibody or PE 
labeled antibocfy to an irrelevam antigen (TM>) as the negative OT^ After washing with PBS, 
the cells were incubated for 30 minutes on ice in PBS with 10%FBS and Fc-Block (Pharming^ 
0124 ID). Five uLAveU of the appropriate antibody was added to the wells and the staining was 
carried out by incubating the slides for 30 minutes on ice. After three washes in PBS, cells were 
fixed with 2% pataformaldehyde. The remaining ceUs were frozen for permanent storage. 

Example 26 

Transfection of Hytyid DCftds with SAg DN A or RNA in vivo and in vitro 

Methods of transfection of S Ag^ncoding nucleic acid into tumor cell are disclosed in the 

Exan^)les 1, 32. The same methods are used for transfection of DCs or DC/tc hybrids. 

Example 27 

Preparation of DCs which ha vfi PhagQCVtOS ed SA g-Tianrfected Tumor Cell T.y ^tes or Aooiitottc 

Tumor Cells " — 

In brief, peripheral blood is 
obtained from normal donors in heparinized syringes and PBMCs are isolated by sedimentation 
ovCT FicoU-Hypaqoe (Amersham Pharmacia Biotech, Piscataway, NJ). T cdl^ched and T cell- 
depleted fi^ons are prepared by resetting with neuraminidase-treated sheep red blood cells 

^ are prepared from the T cell-depleted fraction by culturing cells in the presence of 
^ffn^^ ^'^^^ ^^"^ of GM-CSF ammunex Corp., SeatUe, WA) and 500-1,000 

U/ml of II^(Schermg-Plough Corp, Kenaworth,NJ) are added to 2 and 

4. To generate mature DCs, the cultures are transferred to fresh wells on day 7 and MCM 
for an additional 3-»d Atday 7. >95%ofthccellsareCD14.,CD83-,HLA-DR*'DCs. Ondays 
10-1 1, 80-100% of the cells are of the mature CD14-, CD83+, HLA-DR*^ pheno^ FACSort® 
(Becton mddnson, San Jose, C A) is used to generate highly pure populations of immature and 
mature DCs. based on their CD83- and CD83+phenotypes,respectivd^^ Macrophages are 
KO^fromTceU^letedfiactions by plastic a&^ After 24 h, cells are removed 

fiom&eplatesandplacedin Teflon beakers for 3.9d Tc^ 
ennched fracUon hf removing contaminating monocytes. NK cells, and B cells. 
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Example 28 

Inducdonof Apcn:rtotic Death arid Phagocytosis of Ai»^ ticTimmrCtellsQrSAg-T ransfectedTiim rCelk 

by DCs 

Monocytes are infected with influenza vims in seium-free KPMI. These cells undergo viral- 
induced apoptotic death within 6-8 h. Cell death is confirmed using the Early i'^ptosis Detection 
kit (Kayima Biomedical Co., Seattle, WA). As previously described, cells are stained with 
Annexin V-FITC (Ann V) and jMOpidium iodide (PI). Early apoiaosis is defined by Ann V+/PI 
staining as determined by FACScan® (Becton Dickinson). Five to eight h after infection, 
monocytes first externalize PS on the outer leaflet of their cell membrane, as deeded with Ann V 
By 8-10 h, these ceUs are TUNEL (Tdt-mediated dUTP4)iotin nick-^nd labeling) positive. It is not 
until 24-36 h that the majority of the monocyte population included tiypan blue into the 
cytoplasm, an indicator of secondaiy necrosis. HeLa cells are triggered to undergo apoptosis 
using a 60 UV lamp (Derma Control Inc.), calibrated to provide 2 mJ/cm^/s. 

foduction and Detection of Apoptosis 

Monocytes are infected with influenza virus in serum-free RPMI. Cell death is ass^ed using the 
Early Apoptosis Detection kit (Kayima Biomedical). Briefly, cells are stained with Annexin V- 
FITC (Ann V) and propidium UxMe (PI). Earfy apc^itosis is 1 4 defined by Ann V+ZPI- staining as 
drtenninedby FACScan (BectonDickinson). Cells from the 293 ceU line are triggered to undergo 
apoptosis using a 60 UVB mtp (Derma Control Inc.), calibrated to provide 2 mJcm V^ . 

PhaEOcvtosis of Atx>ptotic CgWk 
SI Monocytes and HeU cells are dyed red using PKH26-GL (Sigma Biosciences, St. Louis, MO), 

iij ^ mduced to undergo apoptosis by influenza infecUon and UV irradiation, respectively. Aiter 6- 

^ ^ aUowing time for the cells to undergo apoptosis, they are cocultured with phagocytic cells that 
H 7T^^ PKH67.GL (Sigma Biosciences), at a ratio of 1 : 1. Macrophages are used 3 - 

r^, ^ d aner isolation fix)m peripheral blood; immature DCs are used on days 6-7 of culmre* and 

;^ mature DCs are used on days 10-11, Where direct comparison of cells is needed, cells are 

- prg>aredfirom the same donor on diflercnt days. In bloddng e^qjeriments, the immature DCs are 

preincubated m the presence of SOmg^ml of various mAbs for 30 mm before the establishment of 
T'. cocultures. After 451 20 mm, FACScan® analysis is performed and double positivB cells were 

"y enumerated 
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Coculture of DCs with Apop totic cells 
Q ^*^nocytesfixmlHLA-A2.1-donorsareinfectedwit^ Live 

f 3 influenza virus (Spafes Inc.) is added at a final concentration of 250 HAU ml-1 (MOI of 0 5) for 1 

^^^^^C. Virus is heat-inactivated lytreatmem for 30 min at 56T before use. After 
ceUs are added to 24-weU plates in varying (toses. After 1 h, contaminatm 
removed and fresh media is added Following a 10 h incubation at 3r»C, 3.3 x 10^ uninfected DCs 
andlxlO T cells are added to the wells. 

Antigen Pulsin g of DT 

Day 7 DC are incubated with fteeze-thawed tumor lysates at a ratio of three tumor cell equivalent 
tooneDC(i.e. 3:l)inCM, After 18 hr of incubation, DC are harvested, irradiated with rad 
(Gamma Cdl 1000; Noidion, Kanata, Canada), washed twice in Hank's balanced salt solution 
(GIBCO), and in Hank's balanced salt solution. 

Example 29 

Treatment of Tumor Bearing Animals with SAg-Tra nsfectcd or SAg-Exoressing DCs. Accessory Cell.; nr 
S/D/tCeUs: Vaccination Protocols and Treatment of Eaablished Tumor 

Immunotherapy 
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C57BL/6 mice are immunized once with irradiated, S/DA cells (2 x 10 cells/mouse) 10-14 d post- 
immunization mice are challenged with 2 x 10 live tumor cell subcutaneously in the scapular 
regi n. Mice are monitored naregnlarbasisfortumor growth and size. Mice with tumor sizes 
>3,5 cm were killed All survivors were killed 40 d post-challenge. 

P10.9-B 16 Melanoma Model. 

Mice are injected inlra-fbotpad with 2 x 10 F10.9 cells. Legs are ampitated when the local tumor 
in the footpad is 7-8 mm in diameter. Post-amputation mortality is less than 5%. 2 d post- 
amputation mice are immunized intraperitoneally with S/DA cells followed by weekly 
vaccinations twice, for a total of three vaccinations. Mice are killed based on the metastatic death 
in the non-immunized or control groups (28-32 d post-amputation). Metastatic loads are assayed 
by weighing the hmgs. 

« 

S/DA cells: In Vivo Immunization and Tumor Challenge ^ ^ 

B6 or BALB/c mice are immunized s,a in the right flank with 1x10 MCA-207 or 1 x 10 S/D/t 

cells, respectively, twice at 7-d^ intervals. Mice then are rechallengcd 7 days after the last 

immunization with a lethal dose of 1 x 10 MCA-207 (for B6 mice) or 3 x 10 MT-901 (for 
BALB/c mice) viable tumor cells by s.c. injections into the left flank The size of the tumors is 
assessed in a blinded, coded Eashion twice weekly and recorded as tumor area (in square mm) by 
measuring the largest perpendicular diameters with calipers. Data are reported as the average 
tumor area SEM (five or more mice per group). 

Vaccination Protocol 

6 

B6 mice are s.c. immunized twice in a 2-wk interval with 10 irradiated (15,000 rad) B16, B16 
mixed vrith EX:s (1/1 : unftactionated cells ftom overnight culture), or S/DA cells or recombinant 
formalin fixed bacteria (10*-10*). Ten days following the final immunization, each group of mice 

is injected s.c. with varying doses (10 , 10 , or 10 cells/mouse) of viable B16. Tumor growth and 
survival time of each group of mice are recorded. The size ofthe tumor in each mouse is measured 
in two perpendicular dimensions with a Vernier caliper twice weekly after tumor challenge. 
Tumor inddence is considered positive when the average diameters of the tunuM" exceed^ 

In Ywo Imnmnization for Treatment of Pulmonary Metastases 

B6 or BALB/c mice receive 1.5 x 10 MCA-207 or 2 x 10 MT-901 viable tumor cells, 

req)ectively, i.v. in the lateral tail vein to establish pulmonary metastases, as descnbed. The mice 

then are immunized s.c. with, respectively, 1 x 10 MCA-207 tumor lysate^iulsed S/D/t cells three 

times on days 3, 7, and 1 1 or 1 x 10 MT-90 1 tumor lysate-pulsed S/D/t cells twice on days 3 and 
7 after tumor injection and are killed on days 14 aiid 17, respectively. Pulmonary metastases are 
enumetatedonday 15 (MCA-207) or 14 (MT-901). Data are reported as the mean number of 
m^astases ± SEM (five or more mice per group) . 

In vitro Activation of LN T cells ^ ^ 

B6 mice are immunized s.c. twice in a 2-\^ interval on the flanks with 2 x 10 (10 /side) 
irradiated (15,000 rad) tumor, S/D/t cell preparation, or tumor mixed with DC:s (l/l) suspended in 
O.lmlofHBSS, One week after the final inummization, inguinal LNsfiom each group of mice 
areharvested. U4 cells firom each group of mice are activated and e3q)er!ded in culture using anti* 

CmplusIL-2. In brief, LN cells (3-4x10 cells/well) are activated on 24-well plates coated with 

anti-CD3 mAb (145-2C1 1) and incubated at 37*C for 2 days. Alternatively, S/D/t cells (10 - 

10^/well) or exosomes (3-5g) or recombinant bacteria (10 -10 /well) are incubated with the LN 
cells fin- 2 days and optionally with low dose IL-2 for an additional 2 days. The activated cells are 
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suspended at 1-2 x 10 oeils/ml in CM containing IL-2 (4 U/ml) and incubated in gas-permeabl 
cdtuie bags (Baxter Healthcare. Deerfield^IL) for an additional 3 days. The derived LNT cells 
are harvested and used as effector cells for adoptive immunotherapy. 

Adoptive immunotherapy models 

For therapy of B 16 pulmonary metastases. B6 mice are injected i.v. with 105 live B16 tumor cells 
in 1 mlof PBS to initiate pulmonaiynietastases. Three d^s after tuznorinoculatioii, mice are 

7 

randomfy divided into several groups to receive treatments by i.v. injection of 5x10 culturedLN 
T cells suspended in 1 ml of PBS. On day 21 after tumor inoculation, mice from each group are 
killed, and lungs are insifflated with Fekete's solution. Lung metastases are counted In some 
e^qseriments. tumor-bearing mice are i.p. administered IL-2 (15,000 U. twice/day for 5 days) 
following the adoptive transfer of cultured LN T cells. For therapy of FBL-3 tumor. B6 mice are 

inoculated i.p. with 5 X 10 viable FBL-3 tumor cells on day 0. By day 5, the tumor is 
disseminated, and mice are treated with cyclophosphamide (CY) at a dose of 180 mg/kg followed 

in 6 h by i.p. injection of cultured LN T cells (5 x 10 cells/mouse) suspended in 0.5 ml of PBS. 
The tumor growth and the survival time of each group of mice are monitored and recorded on a 
regular basis. 

Induction of anti-tumor activitv by FCVMUCl. 

Groups of 1 mice are immunized twice at 14-dayintervalsbysubcutaneousinjectionof 3x 10^ 
DCs (0) or S/D/t cells represented by FC/MUClcells. PBS is injected as a control (0). After 14 

days, mice are challenged subcutaneousty with 2.5x10 MC38/MUC1 ceUs. Tumors of 3 mm in 
diameter are scored as positive. 

Immunization wit h FC/MUCl for Prevention and Treatment of Pulnronarv Metastases 
Groups of 10 mice are injected twice with S/D/t cells represented by FC/MUClcells or PBS and 

then challen^ after 14 days with intravenous administration of 1 x 10 MC38/MUC1 cells. The 
mice are killed 28 days after challenge. Pulmonary metastases are enumerated after staining the 

lungs with India ink. Groups of 10 mice are injected intravenously with 1 x 10 MC38/MUC1 or 

MC3Scells. The mice are immunized with 1 X 10 S/D/l cells representing FC/MUCl cells or 
FC/MC38 at 4 and 18 days after tumor challenge and then killed after an additional 10 days. 
Puhnonazy metastases are enumerated for each mouse. 

Protection Assays 

C57BU6 mice are immunized vwth the indicated antigen-gene construct. Animals are challenged 
with tumors and evaluated for tumor survival as described. Briefly, 7 days after the final 
immunization (day 0), immunized animals are challenged by intradermal injection in the mid- 
flanks bilaterally with melanoma cells (2 x 10 ) at two times the dose l^hal to 50% of the animals 
tested (LD50). Survival is recorded as tiie percentage of surviving animals^ Melanoma cells for 
injection are washed three times in PBS. Injected cells were greater than 95% viable by trypw 
blue exdusion. AU e>q3eriments indude five mice per groxEp and were r 
Mice that became moribund were killed according to animal care guidelines 

Example 30 

DNA or RN A from SAp Transfected Tumor Cells. SAg Transfected DCs and SAg Tiansfected DCAc 
HvtHids for In Vivo Vacc ination and Transfection of Naive DCs to Produce a DC Exroessing SAgs and 

Tumor Associated Antigens 

Plasmid DNA Vector 

1. (Senes torn SAg Transfected Tumor Cdls, SAg transfected DCs and S/D/t cells are 
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cloned by PGR to contain a partial or entire coding region. In most cases^ it is desirable to not 
include any sequence 5* to the ATG or 3* to the termination codon. PGR primers are designed to 
contain a lestricti n site, such as Bglll or BamHI. 

2. The PGR fragments are s^)aiatedfn>munreacted oligomers and template and then the 
fir^gment is cut with an excess ofBgUI for at least 5 h. The DNA is Phenol extracted and ethanoK 
precipitated The purified cut fragment is resuspended m TE, pH 8.0 and ligated. to BgUI-digested 
VIJ, which has been gel-purified and dephosphorylated with calf intestinal alkaline phosf^iatase 
(CLAP), phenol-extracted, ethanoli^redpitated, and resuspended in TB, pH 8.0. A 6: 1 molar ratio 
of insert :vector in the ligation reaction is used. 

3. Conq[)et^t K coli cells (e.g.. DH5, DH5a) are transformed with the ligation reaction, 
plated on L-ampicillin plates and grown overnight at 3T'C. dlolonies are screened by 
hybridization of plate lihs to kinase-labeied PGR prim^^ Several hybridization-positive colonies 
are selected and grown in overnight cultures for miniprep purificatioa 

4. Miniprep DNAs, are prepared and cut with tite appropriate restriction enzymes to 
determine correct orientation of the gene in the vector. At least three DMAs with the gene'in the 
correct orientation are selected to confirm by sequencing across the ligation junctions. Sequencing 
primers are designed firom the vector sequence. Each primer is 30-50 bp from the restriction site 
(BglU in the example), so that 10-20 bases within the vector can be read as well as 150-200 bases 
within the gene. Thisamount of sequence verifies orientation and give a reasonable estimate of 
the quality of the PCR-generated g^. 

5. DNA prqjaiations that have been sequence-v^ed 1/1000 in TB, pH 8.0, are dihited and 
use to retransform competent E coli. Three isolated colonies from the transformation plates are 
grown overnight at 2TC, and used to make a -70°G ceil stock by adding 0.8 ml 6«sh overnight 
growth to 0.2 ml sterile 80% (v/v) glycerol, mixing well, and fieedng on dry ice. The -70'*C 
stocks are used to isolate plasmid DNA from remaining cells by minipr^ procedures. Miniprep 
DNA is cut again with the appr o pr iate restriction enzymes, and visualized on a gel to verify the 
construct All subsequent growth of cells for plasmid production are made fiom the -Ky^C frozen 
stocL 

All constructs are tested In vitro to validate their ability to express the desired gene product. 
Plasmids purified by column (Wizard preps; Promega, Madison, WI) or by cesium chloride 
banding are used to transfecttissu&oilture cells transi^y. Protein expression is (ktected by 
imnmnoblot This check not onty verifies expression but can validate the size and 
immunoreactivity c^the gene product. 

(Characterization of I^asmid DNA Vectors 

All constructs are tested in vitro to validate their ability to express the desired gene product 
Plasmids purified column (Wizard preps, Promega, Madison. WI) or by cesium chloride 
banding are used to transfect tissue-culture cells transiently. Protein expression is detected by 
iinmunoblot This check not only verifies expression but can validate the size aiid 
immunoreactivity of the gene product 

Cell Growth and Transfection 

6 

1. DC /tumor cell hybrids, at 0.8-1.5 x 10 cells/100 mm plate in Dulbecco's Modified 
Eagle's Medium (DMEM) supplemented with 10% heat-inactivated fetal bovine serum, 20 mM 
HEPES, 4 inM L-g^utamine, and lOOmg/ml each of penidUin and streptomycin, ^ 

37°C in5%GQ2forl8h. 

2. The construct to be tested is cotransfected with lOmg/plateand lOgof VU-CATusinga 
caldum irilu»phate |»x)cedure or other inethods given i^ 1. 

3. Five hours after transfection, the cells are shocked in 15%(v/v)glycCT0linPBS,pH7.2, 
for 2.5 nam. 

4. Cultures are harvested 72 h after transfection by washing the plates twice with lOmlof 
cold PBS, pH 7.2, then adding S ml of ooldTENbufEer and settling. 

5. Pellet cells and use immediately or ^ore at -70^C for subsequent analysis. 
Imxmmoblot Anafysis 
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1. Cell pellets aie lysed in Single Detei:gent Lysis Buffer, and sonicate on ice (2-15 s bursts) 
to reduce viscosity. 

2. Ceil delnis is removed by sedimentation and determine soluble protein concentrations of 
the supematants by the Bradford m^hod. 

3. Equal loadings of soluble cell protein per lane axe run on SDS-polyacrylamide gel and 
transfer the proteins to Inunobilon P (Millipore, Bedford, MA) membrane. 

4. Western blots are incubated ovemig^it with an appropriate dilution of tl^ antibody to the 
gene product being tested, followed by a 1.5-h reaction with a 1: 1000 dilution of peroxidase- 
conjugated secondary antibody. Develop blots using the ECL kit ( Amersham, Ariington Heights, 
IL). 

Large-Scale DNA Preparations 

1. Expression vectors arc grown in E. coii strain DH5 with vigorous aeration in 500 ml 
growth medium/l-L shake flask. VIJ constructs are grown overnight to saturation. 

2. Cells are harvested and lysed by a modification of the alkaline SDS procedure. The 
modification consists of increasing the volumes threefold for cell lysis and DNA extraction. 

3. DNA is purified by double banding on CsCl/ethidium bromide gradients, 

4. The ethidium bromide is removed by 1-butanol extraction, and the resulting DNA is 
extracted with phenol/chloroform and precipitated with ethanol. 

5. DNA in TE for transfections is resuspended and in 0.9% NaCl for injection into mice. 

6. The concentration and puri^ of each DNAprqsaration is determined by A 260/280 
readings. The 260/280 ratios are >1.8. 

7. DNA is stored in small aliquots at -20''C. 

Example 31 

DNA Immunization in vivo 

1. Animals are housed in an American Association for the Accreditation of Laboratory 
Animal Care ( AAALAC) accredited facility or other national ikrility and cared for in accordance 
with the Guide for the Care and Use of I^ratoryAnixuals. Prior to bleeding, or administration 
of anesthetic or inoculation, animals are in good physical condition and free fiom stress. 

2. For administration of DNA vaccines, animals are anesthetized by ip injection of a 
solution containing ketamine and s^lazine (50 and 20mg/g body wt, respectively) in a total 
volume of 0.3 ml of saline. Alternatively, transiently immobilize mice for a sufficient period of 
time to administer an im injection by allowing inhalation of metophane. Larger animals, such as 
ferrets or nonhiunan primates, are anesth^ed using ketamine (30 mg/kg)/xylazine (2 
m^lE^atropine (1 mg/kg) or k^amine (10 mg/1^, respective^. 

3. Fully anesthetized animals are prepared for injection by flooding and swabbing the 
injection site with ^hanol (70%). This provides sterilization and, for small animals, such as mice, 
facilitates visualization of the muscle groiqss. To visualize small muscles further, fiir around the 
inj ection »te is shaved followed by ethanol swabbing, or a short incisi on can be made to permit 
direct observation of the muscle. In the latter case, (he incision is sutured after inoculatioa 

4. DNA vaccines are administ^ed in saline solution alone or together with a facilitator that 
induces mnscle generation or regeneration. Facilitators are used in animals that may not 
necessarily be used m humans. For mice, volumes of up to about 50 mL are injected into each 
quadriceps muscle using a disposable insulin syringe equipped with a 27-gauge needle and having 
ac^3adtyQf0.3 ml. 

3. DNA vaccines are also administered using particle bombardment technology. Plasmid 
DNA is coated onto gold beods and propdled directly into tissue. Genetic immunization is 
accomplished bftnolistic bombardment using methods similar to those recently described. 
Briefly, DNA-ooated gold particles are prepared by combining 50 mg of 0.95 um gold beads and 
100 1 of 0.1 Mq)ermidine and sonicating for 5 5. I^asmidDNA (100mg)and CaCl (200 ml) are 
added sequentially to the beacte spinning in a vortex; mixer. This mixture is allowed to precipitate 
at room temperature for 5-10 mm. Tlie bead preparation is then centrifuged (10,000 r.p.rD. for 30 
s) and washed 3 tiroes in cold ethaiml before resifispension in 7 inl of ethariol to give a fi^ 



169 



concentration of 7 mg gold per milliliter. The solution is then loaded into Tefeel tubing 
(Agracetus, Middleton, Wisconsin) and allowed to settle for 5 nun. The ethanol is removed and 
the beads are attached to the side of the tubing by rotation at 20 r.p.nL for 30 s and N2 dried. The 
dried tobing lined with beads is then cut into 0.5-inch sections and stored for use with desiccant in 
paiafilm-sealed vials. Animals are vaccinated by delivery of two shots (each shot consisted of 0. 5 
m4j gold beads in 0.5 inch of tubing) to the shaved abdominal r^on using the Accell gene 
delivery device (Agiacetos) at a disdiargp pressure of 400 p.s.i. This delivers aj^ximately 
l.OOmg/DNA per shot Animals are inmmnized with various plasmids In some experiments, 
larticles ^ coated with the pGREEN LANTERN-1 plasmid (Gibco BRL, Gaithersburg, 
MaiylantO, which contains the "liumanized** reporter gene encoding GFP firom theAeguoreda 
victoria jdiyMt This gene encodes a naturally fluorescent protein requiring no substrates for 
visualization. 

Formulation of DNA vaccine: 

Saline is the preferred solvent. However, plasmid DNA may also be adnunislered in various other 
buffer formulations and cationic lipid formulations. Facilitators include anesthetics, such as 
bupivacaine, and toxins, which arc used in conjunction with DNA vaccines. Conventional 
delrveiy vehicles are used which facilitate internalization of DNA by cells, protect DNA from 
dig^on by extracellular nucleases, or effect a slow release of DNA; a^Suvants are 
coadministered to provide an additional stimulus for the ittunune system. 

Dosage and Injection redmen : 

DNA vaccines are efifective across a broad dosage range. Protective efficacy is achieved with 
submicrogram amounts of DNA. With respect to humoral immune responses against HA, there is 
a direct correlation between magnitucte of antibocfy responses and dose of DNAbetweeii 10 ng 
and at least 100 g. However, perhaps owing to viscosity of the solution artd/or distribution of the 
inoculum in the muscle, admhiistration of DNA at concentrations in excess of 2-4 mg/wi results in 
decreased immunogenicity with some antig^. Therefore, in mice, doses in excess of 200 g are 
not practical by im injection. The number of irtjections also directly correlates with magnitude of 
immune responses (up to at least three). For the influenza model in mice, we have found that three 
injections given at 3-wk intervals yield optimal protection. It is likely, however, that dosing and 
regimen will need to be oi^mized for each gene and chaUenge model. 

Site of injection : 

Injection of plasmid DNA into muscle cells is far superior to other cell types in their capacity to 
internalize DNA and/or express reporter proteins m vivo. However, inunune responses also have 
been generated after id and iv routes of DNA injection. In addition, particle bombardment of DNA 
results in the transfection of dermal and epidermal cells leading to the generation of immune 
responses. The relative effectiveness of these different routes of delivery has yet to be tested 
rigorously. However, direa im injection generates a protective immune responses at doses (100 ng 
to 1 g) and is preferred in the rangis used by particle bonibardnient 

Example 32 

Pulsing DCs with RNA from S As ProducinE Bacteria or S/D/t Cdls 
Total RNA is isolated from S Ag jHoducing bacteria or S/D/t cells by standard methods. Pulsing 
DCs with RNA from S Ag producing bacteria, S/D/t cells or S Ag transfected tumor cells is 
p^onned in serum-free Opti-MEM medium (GIBCO BRL) for tumor extracts with the following 
modification RNA (2 5 g in 250 1 Opti-MEM medium) and DOT AP (50 g in 250 1 Opti-MEM 
medium) are niixed in 12 X 75 rnm polystyrene tubes at room tenq)mture for 20 rnnt The 

complex is added to the DCs (25x10 cells/ml) and incubated ST'C in a water bath with 

occasional agitation for 25 mm. The cells arc washed twice and resuspended in PBS (10 RNA^ 

pulsed DCs in 500 1 PBS/mouse) for intraperitoneal inununizations. PBS, B16 extract from 10 
cells in PBS, or DCs prepared as described above are injected intr^ieritoneally in a volume of 500 
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Example 53 

PolvA-CeUular RNA from S/DA celts or DCs T ransfected with SAg: 

Preparation and Immmuz ation Protocols ^ 
Total RNA is isolated from actively S/DA cells given above as foUov^ Briefly, 10 cells are lysed 
in 1 ml of g»anidinium isothiocyanate (CT) buffer (4 M guanidinimn isothiocyanate, 25 mM 
sodium citrate, pH 7.0; 0.5% sarcosyl, 20 mM EDTA, 0. IM 2-mercaptoethanol). Samples are 
vortexed followed by seqaential addition of 100 1 3M sodium acetate, 1 ml water saturated phenol 
and 200 1 chlorofonn/isoam?^ alcohol (49: 1). Suspensions are vortexed and irfaced on ice for 15 
mm. The tubes are centri&ged at 1 0,000 g, 4**C for 20 min and the supernatant is carefully 
transferred to a fresh tube. An equal volume of isopropanol is added and the sanqsles are placed at 
-20**C for at least 1 h. RNA is pelleted by centrifugation as above. The pellet is resuspended in 
300 1 Orr bufi6» is theai txaitsfe^ 

adding an equal volume of isopropanol arid placing the tube at -20°C for at least 1 h. Tubes are 
microcentrifi^edathighspeedat4°Cfor20mm. Supematants are decanted and pellets are 
washed once with 70% ethanoL Pellets are allowed to dry at RT and then resuspended in IB ( 1 0 
mM Tris-HCl, 1 mM EDTA, pH 7.4). Possible contaminating DNA is removed by incubating 
RNA in 10 mM MgC12, 1 mM DTT and 50 U/ml RNase free DNasc {Boehringer-Mannheim, 
Indianapolis, IN) for 15 min at 3r*C. The solution is adjusted to 10 mM Ttis, 10 mM EDTA, 0.5% 
SDS and 1 mg^ml Pronase (Boehringer-Mannheim) followed by incubation at 37**C for 30 mm. 
Samples are extracted once with phenol-diloroform and once with chloroform, and RNA was then 
le-predpitated in isq^nopanol at -20°C. After centrifugation the pellets are washed with 70% 
ethanol, air dried, and resuspended in sterile water. Total RNA is quantitated fay measuring OD at 
260 and 280 nm. OD 260/ 280 ratios are tyiucally 1 .65-2.0. RNA is stored at -70X. PoIyA+ RNA 
is either isolated from total RNA using Oligotex (Qiagen, Chatsworth, C A) or directly from tissue 
culture cells using the Messenger RNA Isolation kit (Stratagpne, La Jolla, CA) as per 
manufacturer's protocols. 
Production of In viiro Transcribed RNA 

The 1.9-kb EcoRl fragment containing the coding region and 3' un-translated region is cloned into 
the EooRl site of pGEM4Z (Promega, Madison, WI). Clones containing the insert in both the 
sense and anti-sense orientations are isolated and large scale plasmid preparations are made using 
Maxt Prep Kits (Qiagen). Plasinids arc linearized with BainHI for use as templates for mv/fri? 
transcription. Transcription is carried out at 37°C for 34 h using the 5P6 MEGAscriitt In vitro 
Transcription Kit (Ambion, Austin, TX) per manu&cturer's protocol and adjusting the GTP 
concentration to L5 mM and including 6 mM m7G(5*)ppp(5')G cap analogue (Ambion). 
Template DNA is digested with RNase free DNase I and RNA is recovered by phenol/chloroform 
and chloroform extraction followed by isopropanol preajritalioa RNA is pelleted 
microcentrifugation and the pellet is washed once with 70% ethanol. The pellet is air-dried and 
resuspended in sterile water. RNA is incubated for 30 mm at 30°C in 20 mM Tris-HCl, pH 7.0, 50 
mM KCl, 0.7 mM MnC12, 0.2 mM EDTA, lOOmg/ ml ace^ylated BSA, 10% glycerol, 1 mM ATP 
and 5,000 U/ml yeast po]y(A) polymerase (United States Biochemical, Cleveland, OH). The 
capped, polyadenylated RNA is recovered by phenol/chloroform and chloroform extraction 
followed by isopropanol i»fecipitation. RNA is pelleted by microoentrifugation and the pdlet is 
washed once with 70% ethanol. The pellet is air-dried arul resuspended in sterile water. RNA is 
quantitated by measuring OD at 260 and 2 80 rmi and stored at -70°C 

Pulsing of Antigen-Presenting Cells. Accessory Cells DCs. Tumor Cells or DC /Tumor Cell 
Hybrids with RNA Derived from S/D/t cells 

Pulsing of cells with RNA is routinely performed in serum-free Opti-MEM medium (GIBCO 
BRL). Cells are washed twice in C^-MEM medium. Cells are resuspended in Opti-MEM 

6 

medium at 25 x 10 cells/nil and added to 15 ml polypropylene tubes (Falcon). Hie cationic li|Hd, 
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DOTAP, (Boehrin^ Mannheim) is used to deliver RNA into cells. RNA (in 250-500 1 Qpti- 
MEM medium) and DOTAP (in 250-500 p. 1 Opti-MEM medium) are mixed in 12 X 75-mm 
polystyrene tubes at room temperature (RT) for 20 mm. The amoum of poly A+ RNA or IVT RNA 
used is 5 g and the amount oftotal RNA used is 25 g. The RNA to DOTAP ratio is 1:2. The 

6 

complex is added to the AFC (2-5 X 10 cells)inatotaIvolumeof2mlandincwbatedat3r*Cina 
water-bath with occasional agitation for 2-4 h. 

Example 34 

Jn vivo ham miyafinn w ith RNA derived from "S/D/t cells" or SAg-Transfected Tumor Cells . 
Pre paration of mRNA for Tiansfection 

DNA is linearized downstream of the poly A tail with a 5-fold excess of Pstl. The linearized DNA 
is then purified with two phenol/chloroform extractions, followed by two chloroform extractions. 
DN A is then predinlated wiDi N^Ac (0 .3M) and 2 volumes of EtOH. The ptAtel is rcsuspcnded 
at about 1 m^ml in DEP-treated deionized water. 

A transcription buflFer is prepared, comprising 400 mM Tris. HCl (pH 8.0), 80 mM MgCl2, 50 
mM DTT, and 40 mM spermidine. The fc^owing materials are added in order to one volume of 
DEP-treated water at room temperature: 1 volume T7 transcription buffer, rATP, rCTP, and rtJIP 
to 1 mM concentration; rGTP to 0.5 mM concentration; 7g(5')ppp(5')G cap analog (New England 
Biolabs, Beveriy, MA) to 0.5 mM concentration; the linearized DNA template to 0.5 mg^mi 
concentration; RNAsin (Promega, Madison, Wis.) to 2000 U/ml concentration; and T7 RNA 
polymerase (N.E. Biolabs) to 4000 U/ml conoentratioa 

This mixture is incubated for 1 hour at 37^C. The successful transcription reaction is indicated by 
mcreasipg cloudiness of the reaction mixture. 

Following generation of the mRNA, 2U RQl DNAse (Promega) per microgram of DNA template 
used is added and was permitted to digest the template for 15 minutes. Then, the RNA is extracted 
twice with chloroform^henol and twice with chloroform. The supernatant is precipitated with 
0.3M NaOAc in 2 volumes of EtOH, and the pellet isiesuspended in 100 mu 1 DEP-treated 
deionized water per 5001 transcription product. This solution is passed over an RNAse-£nee 
Sepha^ G50 column (Boehringer Mannheim #100 4 11) . The resultant mRNA is sufficiently 
pure to be used in transfection of vertebrates in vivo . 

mRNA Vaccination m vivo 

A liposomal fonnulation containing mRNA coding for the S Ag/tumor associated antigen protein 
pr^ared and is inserted into the plasmid pXBG in A volume of 200 1 of a formulation is [vepared 
containing 200 mg/ml of S/D/t cell-derived mRNA and 500 mg^ml 1 : 1 DOTAP/PE in 10% 
sucrose is injected into the tail vein of mice 3 times in one day. At about 12 to 14 h after the last 
injection, a segment of muscle is removed from the injection site, and prqxired as a cell lysate 
according to Example 7. The S/DA cell-dnived specific protein is identified in the lysate. 

Severe comtnned imnnmocteficient (SCID) mice (Molecular Biology Institute, (MBI), La Jolla, 
CA) were reconstituted with adult human perifriieral blood lymfdiocytes by injection into the 
peritoneal caviQr according to the method of Mbsier (Mosier et ai. Nature 335:256 (1988)). The 
niice were maintained in a P3 levd animal containment i^dlity in sealed glove boxes. mRNA 
coding for the S/D/t odl-derived proteins is prepared by ot^ning the S/D/t cell gene in the form 
of a plasmid removing the gene from the plasmid; inserting the gene into the pXBG plasmid for 
transcription; and purifying the transcription prochict S/D/t cell^krivedni^ The S/D/t cells 
mRNA is then incorporated into a formulation and 200 1 tail vein injections of a 10% sucrose 
solution containing 200 mg/ml S/D/t cell RNA and 500mg/ml 1:1 D0TAP:DOPE (in 
RNA/liposome complex form) were performed daily on experimental animals; while control 
animals were likewise injected with RNA/liposome complexes containing 200 mg/ml yeast tRNA 
and500mg/ml 1:1 D0TAP/DOP1B liposomes. At2,4and8 weekspostinjectioiubicpsy 
specimens are obtained from injected lynqphoid organs andivqpaied for immunohistochemistty. 
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A volume of 200 1 f the formulation, containing 200 mg/ml mRN A from S/D/t cells, and 
500mg^ml 1:1 DOTARDOPE in 10% sucrose is injected int the tail vein f the human stem ceU- 
containing SCID mice 3 times in one day. Following immunization, the mice are challenged by 
tumor inoculation. 

The full-length sapience for the cDNA of the S/D/t-derived gene is obtained and ligated to Bglll 
linkers and then digested with Bglll. The modified fragment is inserted into the Bglll site of 
pXBG. S/D/t-derived protein is transcribed and purified mRNA is incoiporated into a 
formulatioa BaIb3T3 mice are injected directly in the tail vein wth 2001 of this fonmilation, 
containing 200 mg/ml of S/DA-derived mRNA, and 50O mg/ml DOTAP in 10% sucrose. 

£xample 35 

Preparation of "String of Beads" Tumor Antigens fbr T ran^ifiecMftft o f SAg-Transfected DCs, Other 

Accessory Cells^ 9r Tumor Cells 

Generation of r Ad 

All cell lines were maintained in Iscove's modified Dulbecco's medium (INfDM) (Scromed, 
Beriin) supplemented vrith 4% fetal calf serum (RyClone), penicillin (1 10 international units/ml; 
Brocades Pharma, Leiderdorp, The Netherlands), and 2-mercaptoethanol (20mM) at 3T'C in a 5% 
CQ2 atmosphere. The adenoviral vector construction adulter piasmid pMad5 is derived from 
plasmid pMLPIO as follows. pMLPIO-lin is constructed by insertion of a synthetic DNA fragment 
with unique sites for the restriction endonucleases Mlul, SpU, SnaBI, Spel, AsuU, and Muni into 
the Hindlll site of pMLPlO. Subsequently, the adenovirus BgUI firagment spanning nucleotides 
3328 8914 of the AdS genome is inserted into the Muni site of pMLP4in. Finally, the Sall- 
BamHI fragment is deleted to inactivate the tetracycline resistance gene, resulting in plasmid 
pMad5. A mini-g^ cassette vector, pMadS-^. is generated by Ugation of the annealed 
phosphorylated double-stranded oligonucleotides la/b and 2a/b into the Mlul and Spel sites of 
pMadS. This cloning step leads to elimination of the original Mlul and Spel sites and to creation 
of a small ORF, which essentially consists of a start codon, the sequence SEOKLISEEDLNN, a 
huinan c-Myc-<ierived sequence, which is recognized by inAb9£10 arid a st^ Asmall 
"stufrer" sequence, flanked by newly generated Mini and Spel sites, is present between the start 
codon and die c-Myc sequence. 

pMad5-l and -2, each of which harbor a multi-epitope encoding minigene. are constructed by 
unidirectional cloning of the following double-stranded oligonucleotides into pMad5-0, which had 
been cleaved with Mlul and Spel. pMad5-L Afler each cloning step, the sequence of the inserts is 
verified by DNA sequencing. Expression of these minigenes is driven by the AdS major late 
promoter, which in this configuration is linked to the AdS immediate early enhancer, resulting in 
iirunediate early expression of the minigenes. 

rAds are generated throi^ in vivo homologous recombination in the AdSEl-transformed helper 
cell line 911 between piasmid pJMI7. containing the sequence of the AdS mutant dl309, and 
either of the plasmids pMadS-l or pM3d3-2. 91 1 cdls are transfected with lOg of plasmid pJMI7 
in combination with 10 g of either pMad5-l or pMad5-2. The rAds are plaque-purified three 
times, after which the clonal rAds are propagated in 91 1 cells, purified by (fouble cesium chloride 
density gradient centrifugation, and extensively dialyzed The presence of r^cation-competent 
adenoviruses is routinely checked by iiifection of Hq>-G2 cells. The viral stocks were stored in 
aliquots widi 10% glycerol at -^""C and titered by {daque ossay using 911 cells. 

Further Transfection of S Ag-Transfected DCs. Accessory Cells, or Tumor Ceils 
In short, 100 ng of plasmid DNA encoding AdSU, HPV 16 E7, murine p53 or the influenza- 
matrix protein are transfected into 1 x 10 SAg-transfected DCs, accessory cells or tumor cells. 
The transfected cells axe incubated in lOOmlof IMDM containing S% fetal calf serum for 48 hat 
37*C, aftCT which 1500-500 CTL ??? in 25 ml of IMDM containing 50 Cetus units (=300 
international units) of recoiiibinantinterleukin-2 (C^) are added. Afrer 24 h, the supernatant is 
collected, and its tumor necrosis &ctor (TNF) content is determined by measuring its cytotoxic 
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effect on \VEHI-164 clone 13 cells. 



Example 36 

Production of Exosomes from DCs E?cpressing SA p and Tumor Associated Antigens a nd Normal 
Hcpatocvtes. 

Exosome Isolation 

SAgs or tumor associated antigens are transfected into tumor cells, DCs, or DC/tc hybrids by 
methods disclosed hereiiL. The SAg-cncoding nucleic acid is provided with sorting sequences 
which route the translated protein to the endoplasmic reticulum and therei^n to secretory 
vesicles or exosomes. Alternatively, tumor cells, DCs or DCAc are incubated 18-20 hours with 
tumor peptides or SAgs. DCs supematants are harvested, oenthiuged (at 4^*0 at 300 gfor 20 mm 
and then at 10,000 g for 30 min (to eliminate cell debris). Exosomes are then pelleted at 100,000 
g for one hour, and washed once in a large volume of PBS (over 100-fold the final volume of 
resuspension c^the exosomes). The protein concentrations in exosome preparations is measured 
by Bradford assay (BioRad). The slightly acidic pH transiently induced by the add peptide elution 
increases the amounts of exosomes iffoduced by DCs. Three to five gofexosomes are routinely 

{rtjtained from 5-10 X 10 DCs in 18-20 hours. Exosomes containing LDL, oxyLDL, 
apolipoproteins, LDL recei^ors and oxyLDL receptors are obtained from normal hepatocytes by a 
method similar to that described above for dendritic cells and sickled erythrocytes as in Example 
6. 

Mice and Tumor Cdl Lines for Exosome Trials 

DBA/2 J (H-2 ) and BALB/c (H-2 ) female mice 6-8 weeks of age are raised in pathogen-free 

conditions. P815 (H-2 ) is a methylcholanthrene induced mastocytoma, syngeneic with DBA/2. 

TS/A (H-2 ) is a spontaneously-OTSing undifTerentiated mammary adenocarcmoma, syngeneic 
with BALB/c. All tumor cell lines are maintained in RPMI 1 640 supplemented with 10% 
endotoxin-&ee fetal calf serum (Gibco BRL), 2mM L-Glutamine, 100 U/ml penicillin, lOOmg^ml 
stret^omycin, essential amino adds and pyruvate. 

Experimental Mouse Models for Exosome Trials ^ 

Twice the miiiiinaltttmongenic dose of tunror cells (5 X 10 P815, 10 TS/A) is inoculated 
intradermally in the jxppet right flank of DBA/2 and BALB/c mice, respectively. Animals vnih 
established tumors at days 3-4 for TS/A, or days 8-10 for P815, are immunized with a single 
intradermal injection of 3-5 g of exosomes per mouse in the lower ipsilateral flank. The tumor 
size is monitored biweekly and mice are sacrificed when bearing ulcerated or hug^ tumor burdens. 
All experiments are performed two to three times using individual treatment groups of five mice 
per group. 

Example 37 

Bacterial C:onstructs for the Exptcsaon of SAgs Linked to Galactosvlceramides, a-Gal Epitope. 
Pteptidoglvcans. Lipopolvsaccharides and bl.3>Glucans 
Nuddc adds encoding SAgs may be transfected into bacteria which naturally synthesize and 
express fundamental recognition units for innate immunify. Some of these moieties such as 
monogalactosylceramides and a-galactosylceramides are potent immunogens and induce anti- 
tumor activity. The addition of the SAg and a dominant tumor associated qnt(^coexpressed 
with these natural bacterial constnicts and administered to a tumor bearing host would promos 
potent tumor specific response. The system described uses S, camosus as a modd b^nerial 
system to express a SAg peptide and dominant tumor eiHtc^. 

Expression Vectors for Surface Display. 

The shuttle vector constructed pSPPmABPXM con^sts of the following parts: (1) the origin of 
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r^lication for E coU and the 13-lactainase gene giving ampicillin resistance for transfonned £. 
coii cells; (ii) the origin f replication for phage fl; (iii) the origin of replication ftom 5. aureus 
and the chloiamphenicol acetyltransferase gene for staphylococcus expression; (iv) the promoter, 
signal sequence, and propeptide sequences torn the 5. /rvia/j lipase gene consb^ ptimizedfor 
expression in S. camosusr, (v) a multicloning site containing three unique recognition sites for 
restriction endonucleases; (vi) a gene firagment encoding a serum ABP from streptococcal protein 
G; and (vii) gene fragments encoding the cell wall-anchoring regions X and M from 
staphylococcal protein A. 

As a model system, the surface display of SAg staphylococcal enterotoxin B. substitutes for pilace 
the 80 amino add malaria peptide M3 from falciparum blood stage antigen Pfl55/ RESA. A 
plasmid vector, pSPPM3 ABPXM is constructed, in which a gene fc^nt encoding SEB instead 
of M3 is introchiced between the propeirtide region and the ABP sequence of plasmid 
pSPPmABPXM. An oligonucleotide linker (5'AGCTTGGCTGTTCCGCCATGGCTCGAGr3' 
with complementary sequence) is inserted into the Hmdlll site of plasmid pSZZmpISX thus 
creating additional Ncol and Xhol recognition sites downstream of the HindlU site in the resulting 
vector, pSZZmpISXhaXM. A gene fragmcm encoding a 198-amino-acid ABP from the serum 
albumin binding region of streptococcal protein G is generated by a PGR 
(primers5*-CCGAATrCAAGCTTAGATGCTCTAGCAAAAGCCAAG-3' and 

5'-CCCCTGCAGTTAGGATCCCTCGAGAGGTAAAATrrCATC-3' 

req)ectrvely) 

with plasmid pSPGI as template sequenced in plasmid pRTTlS by solid-phase DN A sequencmg 
and Hindni-Xhol subcloned in frame downstream of the mpl8 multilinker of pSZZmplSXhoXM. 
yielding plasmid pSZZmpISABPXM An M3-encoding gene fragment was BamHI-HindlU 
subcloned from plasmid plRIT28EM3DAStop into pSZZmpISABPXM, yielding plasmid 
pSZZM3ABPXM. Plasmid pLipPS17 is constructed from pLipPSlk the introduction of a BsanI 
recognition site in the beginning of the lipase signal sequence, a Bc/I site at the end of the signal 
sequence and a Bglll site at the end of the prppeptidc-encoding region by sitcKlirected in vitro 
mutagenesis. A gene fragment constituting almost the entire S. camosus vector pLipPSI except 
for a fragment encoding the C terminus of the propeptide and the majority of the mature lipase 
from S. Ityicus is isolated by Sall-Ifind ni digestion and ligated to the E. Co/i plasmid piRIT28. 
which had previously been cut with the same restriction endonucleases. The resulting plasmid 
designated pSDIip. contained the origin of rq)lication for both £1 coti and S, aureus. To restore 
the C-termmal region of the lipase propeptide, a gene fragment encoding the C-tenninal port is 
generated by PGR amplification with the oligonucleotides 5- 
CCGAATrCTCGAGGCTCCTAAAGAAAATAC-3* an d 5*- 
CCAAGCrrGGATCCTGCGCAGATCrrGGTGTTGGTrnTTG-3' 
as iqpstream and downstream primers, respectively, with plasmid pLipPSl? as tenqjlate. This 
amplification introduced upstream EooRI and Xhol sites and downstream Fspl. BamHI. and 
Hindm recognition sequences by noncomplementaiy sequences in the PGR primers. The gene 
fragment encoding the C-terminal propeptide region was EcoRI-Hindin subcloned to pRIT28 to 
verify a correct sequence by solid-phase DNA sequencing and thmafier XhoI-BamHI transferred 
to Sall^mHI-restricted pSDlip. The resulting plasmid. pSPP is Hindin restricted, filled in with 
Klenow polymerase, and religated to yield plasmid pSPPDHind. which encodes the signal p^de 
and the complete propeptide of the S. iQdcus lipase with transcription fix>m a promoter region 
suitable for overproduction in S, camosus. 

Example 38 

Gene Tran sfer fpr Exp ression (rfan Mono or Dig^ ta^^ifff^mide by Transfection with a Cosmid 
Genomic Library Prqared from a Cell Line in which the Specific Glvc osvlceramide is HieMv Expressed 
The deliberate transfer of mono or digala<^osyloeramidee?qwession in tumor cells is achieved by 
transfection with a cosmid DNA library prepared from Fabry's cells in which the mono or 
digalactosylceramide is highly expressed. This model demonstrates a general method for 
transferring glyoosyltrarisferase genes aiui other factors riecessary for the expression of 



175 



glycosphingoltpid andg^. The recipient tumor cells contain mono or digalactosylceramide and 
the direct precursor, lactosylceramide. The transfected cells express mono or 
digalactosylceramide detected both chemically and immunol gically and contained hmnanDN A 
(ktectedby an Alti sequence probe. 

Cells and antibodies: Falny's cells or normal cells with an a«galactosidase deficiency and tumor 
cells including but not limited to neuroblastoma cells are used Anti-galactosyl ceramide 
monoclonal antibody is prepared. Total DNA is i^epared from Fabry's cells is excised by Mbol 
and lifted by Bam Hl-treated oosmid vector PCV 108, which has the SV40 promoter fused to the 
neomycin pho^hotransferase gene. The target DNA for cosmid cloning is purified by gel 
electrophoresis between 30-40 KB size. In vitro packaging is made with an extract of lysogenic 
bacteria and propagated in K coU. as described elsewhere. 

Transfection and Selection of Galactosylceramide Expression: Cosmid lilwary DNAs are 
transfected into various cells using the calcium phosphate DNA precipitation technique with the 
adcfition of a glycerol shock after a 6 hoor incubation. Galactosylceramide selection is started 2 
days later at 400mg/ml concentration. The expression of galactosylceramide in the original Fabiys 
cell and the transfected tumor cells was determined by cytofluorometry (FACS U), in which FTTC- 
conjugated anti- niono or digalactosylceramide antibod)^ is used Gly 
are analyzed after cdls were extracted in chloroforra-methanol (2: 1 and 1 : 1 vA^). The neutral 
glycoUpid fraction is prepared by an aoetylationprc)cedure. TheglycolipidiHofileisconfinnodon 
HFTLC, followed by immunostaining with anti- mono or digalactosylceramide antibod|y. 

Example 39 

Staphylococcal Coila^ Binding Adh egin Nuclei c Acids Transfected into SAg Transfected Tumor Cells, 

R AfT TTanrfecfftd nr« or AocesfiOTV C^ls and S/Pyt Cells 

Collagen gene fragments firom S, aureus strain FDA 574 are overexpressed in E. coU using the 
vector pQE-30 ( QIAGEN inc. Chatworth, CA). Recombtnant proteins e?q>ressed from this vector 
contain an NH2-tenninal tail of six histidine residues. The gene named cna encoding a S.aur^ 
coUagen adhesin is isolated fit)m a 51 genomic library cloned and sequenced. Thecnagene 
encodes a 1185 amino acid polypeptide. The deduced amino acid sequence reveals several 
structural characteristics similar to previously described Gram-positive bacterial cell sur&ce 
proteins. 

Plasmids expressing cna gene fragments are produced as follows. Recombinant S. aureus 
collagen adhesin fragments are overexpressed in E. coli using three difrerent prokaryotic 
expression systems. The amino terminus inchiding the entire A domain is amplified from S. 
sureus FDA 574 chromosomal DNA using PCR together with primers CNA 20 and CNA 21. The 
amplified 1.6-ld) cna gene fragment is cleaved with EooRI and PstI, gel purified and ligated to the 
prc^caiyotic expression vector pKK223-3 obtained from Pharmacia LKB Biotechnology to create 
plasmid pKKl.5. Expression vector pKK223-3 contains an IPTG-inducible tac promoter adjacent 
to a consnesus Shine-Dalgamo ribosomal binding site. However, this vector lacks an initiation 
codon; therefore, the DNA to be e^ressednmst contain an ^ropriate start codon. Inorderto 
express an internal cna fi:agment, a DNA linker sequence containing an ATG start codon is 
synthesized. Two partial^ con^)lementary ologomicleti(fes, JPl 

(5'AATrACCATGGAATTCCTGCA-3') and JP2 (5'-TGCrrACCTTAAGG-3'). are heated to 
70''C and slowly cooled to allow annealing. Once annealed, the double-stranded linker is 
phosphoiylated by the addition of ATP and T4 polynucleotide kinase. The DNA linker contained 
EooRI and PstI restriction sites at the 5*- and 3'-termini» respectively. These sites are used to insert 
the linker omo pKK223<-3 . A 2.9-kb EcoRI/PstI DNA fragment, originally isolated fixmi 
lambdaGTll done pCOLll was ligatedtovectorpiaU230tocreatepl^ The 
collage adhesin fragment encoded by pKK25 contains three repeated domains (Bl, B2, ^ 
the cazboxyl terminus and downstream sequences. 

The plamid containing the collagen adhesin is transfected into DTES by methods in Example 1 
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and 3 and expression of the transduced gene is monitored by Innnunoblots (Example 33). 



Example 40 

Transfecti n of Nucleic Acids Encoding SA ps in Comb ination with Nucleic Acids the Promote AppptQSis 

Induction or Predispose to Apoptosis. 
SAgs e;qtfessed in apoptotic tumor cells or tumor cell/DC hybrids are ingested by DCs which 
present them to the immune system in more which evokes a potent immune response to the 
tumor associated antigens. The apoptotic cell is also one which is overexpresses a GalCer such as 
one with a natural or acquired a-galactosidase defidency or fom a patient with Fab^^ 
The apoptotic stimulus can be produced by cortcordant influenzal infection, radiation or 
chemotherapy. In addition, it may be inducible by an exogenous source such as TNF if the cell is 
predisposed by transfection of an potent inhitntor of NF-kB such as a modified form of DcBa. 
Additional stimuli to apoptosis are i^ovidedby numerous well estaWisted activators (caspase 9) 
or initiators (caspase 8) of the caspase system or the CD95 TNFR network. Having undergone 
apoptosis, the SAg transfected. GalCer overproducing cell is now ingested by DCs which are 
cross-primed to present the tumor antigens and the GalCer in the context of SAg stimulation 
resulting in a potent antitumor response. Methods and protocols for SAg transfection are given in 
Example 1 and for priming of DCs in Example 27-28 The apoptotic transfectants are used as a 
preventative or therapeutic antitumor vaccine by protocols in Exan^e 15, 16, 18-23 and 29. They 
are also useful ex vivo to a population of tumor specific effector T cell or NKT cells for use in the 
adoptive imitiunother^ of cancer (Examples 2-5, 7, 15, 16, 18-23, 29). 

Example 41 

Prqiaration and Isola tion of GlvcosphingoliDids and Verptoxins 
Galabiosvlceramide. Globotrioslceramides and Globotetraosvlceramide 
Globotriosloeramides (GB3) and globotetraosylceramide (Gb4) are purified from human renal 
tissue. Briefly, the chloroform/methanol tissue extract is first applied on a Bio-Sil A (Bio-Rad) 
silica column in chloroform. The colunm is extensively washed with chloroform, and neutral 
glyoolipids are eluted with acetone/methanol,9: 1 (vol/vol). The neutral glycoliind fraction is then 
applied on a second Bio-Sil A colunm in chloroform/methanol, 98:2 (vol/vol). Glycolipids are 
then resolved with a linear soWent gradient comprising equal weights of chloroform/methanol 
15:1 (vol/vol), to chlorofonn/methanoi, 4:1 (vol/vol). Galabiosyloeramide (Q52) or Gal(al-4)Gal 
ceramide from marine sponge may be ctbtained, for example, from Dr T, Matsubara (Department 
of Chemistry, Kinki University, Kowakae. Japan). 

VTs and SiAnmits 

A simple method for purifying K coli H30 verocytotoxin is as follows. The toxin, released from 
the cells by exposure to polymyxin B, is subjected to differential ammonium sulfate precipitation 
and sequential chromatograpl^ on hydroxylapatite, chrematofocussing, Cibachron bhie, and 
S^hadex G-lOO cohmms. The purified toxin, 39 kDa by gd filtration and having a pi of 6.72, 
resolves as a band which migrates at 32 kDa and another band of less than 14 kDa which migrates 
with the buffer fifonl on reducing SDS-PAGE. The purified preparation is relatively heat-stable, 

and has a specific activity of 3 x 10 CD50 units/mg protein in Vera sdls, and LD50 values of 0.2, 
9.0,and40 g protein/kg in rabbits, rats, and mice, respectively. Aritiserum to the toxin 

specifically neutralizes H 30 VT, Shig^ toxin, and VT activity fix)m some clinical isolates of VT 
K CO// but not that from a porcine edema disease strain. 

Vertxytotoxin 2 ( VT2) is purified fiiom £1 coli strain E325 1 1 using, as starting material, cells 
harvested fi»m a Penassay broth culture inoibated for 6 h at 37**C in the presence of mitorn^^ 
(0.2mg/ml). A crude extract of VT2, is obtained by polytnyxinBtreatmcm of ceUpeUets, is 
purified using differential ammonium sulphate precipitation, and sequ^tial column 
chromatography. The purified toxin is estirnated to have a pi of 6.5 by chroinatofocusingM^ 

molecular weight of 42 kDa by gql filtration; it has a specific activi^ of 1 .39 x 10 CD50 units/mg 
protein in Vero cells, and resolves as a major band of 35 kDa arid another band of <14 kDa 
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which migrates with the buffer front on reducing SDS-PAGE. The purified toxin is not neutralized 
by VTl antisera, and antisera jnrepared to this toxin in rabbits did not neu^ 
completely neutralized the activity of the homologous toxin. 

Recombinant Methods of Pr eparin g VTs a nd Subunits 

Recombinant VTl is purified from pJLB28. VT2 from RS2. and VT2c horn E3251 1. The 
iwombinant^: CO// strain pJLB28 isusedasasouroeof VTl Bsubunit High yields of the toxins 
or subunits (10-15 mg/3 liters of broth culture) are purified by a method involving polymyxin B 
extraction, ultrafiltration, hydroxylapatite chromatograplry, chromatofocusing, and Cibacron Blue 
chromatography. VT2is purifiedby virtually the same method fiom an co/t clinical isolate, 
strain E325 1 L The cistron encoding the B subunit of £1 coii Shiga-like toxin I (SLT-I) is cloned 
under control of the roc pronwter in the expression vector pKK223-3 and the SLT-I B subunit is 
expressed constitutively in a wild -type back^ co// 

Laboratories (Gaithcreburg, MD). £. coli JMlOl D lace pro supE thi (F traD361acZ kMISpro 
ABIacP) is obtained from Dr. J. D. Friesen (Department of Medical Genetics, Universi^ of 
Toronto, Toronto, Ontario, Canada). Plasmids pTZlSR and pKK223-3 are obtained from 
Pharmacia. Plasmid pJLBS consists of a 3.0 kb Kpnl fragment of bacteriophage H 19B DNA 
cloned in the Kpnl site of pUClS. To construct plasmid pJLB34, pJLB5 is cut at the BgJII site 
and digiBSted with nuclease Ball 1 . The ends are filled with Klenow fragment and dNTPs. The 
fragment remaining after deletion is cleaved with EcoRl, and the piece carrying the SLT-I B 
cistron is purified by agarose-gel electrophoresis. The fragment is recovered from the gpl and 
cloned into pUClS cut with EcoRI and Hindll. The EcoRl-HimUII fiagment is cloned in M13mpl8 
and its nucleotide sequence is determined. The B cistron coding sequence is recovered firom 
pJLB34 as a 1 . 1 kb Pstl fragment and was then cloned in the PsU fragment and was the cloned in 
the Pstl site of the polylinker of pKK223-3. Clones with the correct orientation of insertion 
relative to the tac promoter are identified by restriction-endonuclease analysis. One plasmid with 
the orientation is selected and designated pJLB120. pJLB120 is transformed into E, coli TBI for 
constitutive expression and into E. coU JMlOl for inducible expressiort Bacteria are grown in L- 
broth or Ixain heart infusion broth (Difco Laboratories, Detroit, MI) supplemented as necessaiy 
with carbenicillin at 50 mg^ml and BPTG(Bethesda Research Laboratories) at I mM 

E)q?ression of Toxins 

For E. coli JM 10 1 (pJLB 1 20), an ovCTnight culture is used to inoculate fresh L-lwoth 
supplemented with carbcnicillin (50 pg^ml) and was grown to mid-exponential phase ^A600 = 0.3- 
0.6) at 37°C. with shaking at 300 rev./mirL IPTG is added to a final concentration of ImM. and 
incubation is continued with aeration. For E, coli TB I (pJLB120), an overnight culture is used to 
inoculate fresh L-hroth supplemented with carbcnicillin (50 mg/ml), and this is grown for 12-18 h 
at 37*'C, with shaking at 300 rev7mia In both cases the culture is harvested and the pellet is 
washed once with PBS (0.15M-NaCl/ 10 mM sodium phosphate bufTer, pH 7.4) before extraction. 

Polvmvxin B extraction of Toxins 

The washed pellet is resuspended in PBS containing 0. 1 mg^ml polymyxin B in oncKjuarter of the 
original culture vohrme and extracted as previously described. For purification, 18 h cultures of £. 
Coli TBI (pJLB 120) arc extracted with polymyxin B, and the extracts are concentrated 10-fold 
using a 5tirred<ell Amicon concentrator with a Ym-5 membrane (Amioon C^rp., Danvers, MA, 
USA). 

Quantification of Toxins 

Periplasmic extracts of VT-producing clones* prepared by polymyxin B extraction, are dihited as 
required and filt^ed onto nitn)ceUuiose paper in a slot-btot apparatus (Bio-RadLaboratori^^^ VT 
is detected by using MAb 1 3C4 according to the Western-blot procedure described above. Blots 
are scarmed with a Molecular Dyrianucs model 300Aconq>ulingdend VT is quantified 

by oontparison with a standard curve generated with purifiedB subunit protein. 
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Purification of Toxins . 
The concentrated polymyxin B extract are dialysed overnight against 50 mM-Tns/Ha buffer, pH 
7.4, and then applied to a DEAE-Sq[>hacel column (1 cm x 20 cm) equilibrated with 1 mM- 
Tris/HCL buffer, pH 7.4, Bound material is eluted by using a linear gradient of 0-lM-NaCl in 50 
mM-Tris/HCl buffer. pH 7.4, and 5 ml firactions are collected Fractions containing VT are 
identified, pooled and concentrated with Centriprep-3 concentrators (Amicon Corp.). This pool is 
dialyzed overnight against 25 mM-imidazole/Ha buffer, pH 7.4, and is dp^^edto a column (1.5 
cmx 20cm) of Polybuffer exchanger 94 (Pharmacia) equflibrated with the same buffer. Ehition is 
carried out with a degassed solution of Polybuffer 74 (Rtarmacia) diluted 1 :8 with distilled water 
and a<8usted to pH 4.0 with HCl (llcolunm volumes). Fractions (5 ml) are collected, and the B 
subunit positive fiactions are pooled and concentrated with Centriprep-3 (Amicon). Ampholytes 
are removed fay Sei^dex G-50 gel-filtration. 

« 

HPLC Purification of Toxins 

Approximately 1 mg(in 1 nd)ofpurmed toxin or sufcimit is injected imo a TSK-^2000SW HPLC 
gel filtration column prcviou^ equihTwated with 50 mM Tris4)ufifered saline (TBS), pH 7.4, flow 
rate of 1.0 ml/mm. Peaks, measured by absoibance at 1=280 nm,arecollected. 

Toxin Subunit Separation 

1 mg of toxin subunit is concentrated to 30-50 mi using a Centricon 30 concentrator (Amicon). 1 
ml of a subunit dissodating solution (6 M urea, 0.1 M NaCl, 0.1 M propionic acid, pH 4, is added 
dropwise, and the toxin is incubated without stirring at 4<*C for 1 h. The solution is theti separated 
by HPLC gel filtration (as above) after previous column equilibration with the dissociating 
solution. Peaks, measured by absoibance at 1=280 nm, are collected 

Example 42 

(7flnp;1io«des Shed fro m Tumor Cells: Isolation ftom Tumor Cell Suoematants 

Collection of Tumor Ceil Supernatant ^ 
Tumor cells are cultured in 25 ml of no serum-low protein medium (NSLP) in an 80cm fiaskfor 
l-5days. Cells are harvested by centrifagation at 400g for 10 mm, and the supernatant is 
concentrated 10-fold at 4°C in an Amicon stirred cell with a lO-kDa cutoff ultrafilter. 
Concentrated supernatant and NSLP concentrated under the same conditions are stored at -20°C, 
and passed through a 0. 1-um sterile memtvane filter 

MetaboUc Labeling of Gangliosidcs in T umor CeU Supernatant 

Tumor cells ( 1 x 10 /ml) arc cultured in 10 ml of NSLP for 2 days. After three washes with fresh 

medium, cells are transfeiTed into 10 ml of NSLP containing I mCi/ml D-(l- C]GlcMI2-HCl (50 

mCi/mmol aCN Biomedicals, St Laurent, Quebec, Canada) and ImCi/ml of D-[l- ClGal (56 
mCi/mmol;Amersham) to label gangjiosides. After 24 hr, cells are washed with medium three 
times to remove unincorporated sugars, then cultured for an additional 24-48 hr in fircsh mediuin, 
before harvesting by centrifiigation at 400g Radioactivity in the tumor cell supernatant and cells is 
quantitated by liquid scintillation counting. The supernatant is clarified by centrifiigation at 
15,000g for 10 mm, then concentrated lO-fbId using a Speedvac concentrator, before being 
analyzed by gel filtration chromatography. 

Gel Filtration Chromatography of ^ ^Labeled Tumor Cell Superna tant on Sebharose 2B-3(ffl 
Concentrated C-labded tumor cell supernatant is chroinatographed on a Sqpharose 2B-300 
column (5 ml bed volume; Sigma Chemical <jo, St Louis, MO), equihlMrated with Tris-bufiered 
saline fTBS; 50 mM Tris^Cl in 0. 1 5 M NaCl, pH 7.4). The column is eluted at a flow rate of 0.2 

14 

ml/min at 22^C and 200ml fiiactiom are collected and counted for C. 
Dipalniitoylph)(^phatid)1choline liposomes and sodium azide are used as standards to calibrate the 
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void and included volume of the column, respectively. 



Gel Filtration FPLC of 'P-Labeled Tumor Ce ll Supernatant on Supen^ 
FPLC is carried out n a Superose 6 a)lumn(l x 30 cm; Pharmacia, Dorval, C^xd»c, Canada) 
linked to a Gilson HPLC system and a Gilson iliB ultraviolet flow detector. The column is 
calibrated with a series of standard proteins of known molecular mass, rangiitg from b- 
galactosidase (465 kDa) to b-lactoglobuUn (36.8 kDa) (Pharmacia, High Molecular Weight Gel 
Filtration Calibration kit). The void volume and included volume are determined using Blue 
Dextran (2000 kDa) and sodium azide, respectively. H-Labeled bovine brain gangUosides and 

V]Gal dissoWed in NSLP or TBS are also used as standards, Concemrated YAC-1 supernatant 
is eluted through the column at 22**C with TBS at a flow rate of 0.5 mlAnirt Frac^ons (0.5 ml) are 

collected and counted for C. 

« 

Example 43 

Assessmoit of S Ag and VT Binding to Ghrcosphingolioids bv TLC Overlay 
Glyoolipids (dissolved in chloroform/melhanol (2: 1 vA^), are applied to a TLC plate and separated 
in cboroform/methanol/water (65:25:4, v/v). Toxin binding is determined using known methods. 
Briefly, after separation of the glycolipids, the plate is air dried, incubated overnight at 37*C in a 
solution of 1% (m/v) gelatin in 50 mM Tris^CL, 150 mM NaCl pH 7.4 (buffer A). The plate is 
washed in buffer A and incubated successively with VT 1 (0.07 mg^ml in buffer A) followed by 
monoclonal antibody PHI (1 ,5 mg/ml in buffer A), and finally with goat antimouse IgG 
horseradish peroxidase conjugate (dOuted 1:2000 in buffer A). Toxin binding is visualized using 
4-chloro-l-naphthol. An equivalent irfate is run and treated with 3% (m/v) orcinol spray in 3 M 
H2SC)4 to visualize carbohydrate and ensure equal concentrations. 

Alternate Micrptitre plate landing assay 

Quantification of toxin binding to various gjycoconjugates is performed using published methods. 
A methanolic solution [100 pi containing glycolrpid (300 nmol). phosphatidjicholine (0.5 mg) and 
cholesterol (0.25 mg)] is added to microplate Avells and the methanol is allowed to ewqjoratc 
overnight at room temperature. The wells are blocked with 2% (m/v) BSA in buffer A (200 
ml/wdl) for 2 h at room temperature and subsequently washed once with buffer A containing 

0. 1% BSA (BSA/bufifer A). 100 ml aliquots of dilutions of [ q-VT-1 in BSA/bufifer A are added 
to the wells and incubated for 2 hat room tempemture. The wdls are washed five times with 
BSA/buffer A. excised and the radioacdvity is measured in a g counter. Scatchard analysis was 
performed using the LIGAND program. 

Example 44 

Methods of Induction and Assessment of Apoptosis & Inhibition of Protein Synthesis. 

Tumor cells ^ x 10 cdls/ml) arecultivated at 3TC in 96-well round-bottomed microtiter plates 

(Becton Dickinson) in 200 ml leudne-depletedRI^ (Eurobio, France) containing 1 mG of [ H] 
leucine, with or without 10 ng/mlVT. After 18 hrs. cells are harvested on class fiber fihers, and 
racfioacti vity incorporated in proteins measured in a scintillation counter. 

Ultrastnictural analysis of VT-Treated Astrocytoma Cells 

Cells are cultivated on a transferable 9 mm cylcqpnre membrane (0.45mm pore size. Falcon) to 
form a confluent monolayer and are incubated at 3r*C with VTI (10 ng/ml). Cells are fixed at 
room temperature fay addition of 1 .6% glularaldehyde to the wells and then incubated in 0.066 M 
Sorensen buffer (pH 7.4) containing 1.5% glutaraldeltyde for Ih at 4°C. After 2 h of washing with 
0. 1 M phosphate buffer, cdls are post-fixed in 2% osmium tetroxide in the same buffCT. After 
dehydration in graded ethanols and prqiytene oxide, Epon embedding, thin sectioning and urai^- 
lead counterstaining on grids are performed. Thin sections are exanuned in a I^ilqss EM 400 
electnm tnicrosoope and iiltrastructural features of ^xjptosis are atia^ 
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Apoptosis of astrocytoma cells, incubated with 10 ng^ml of VTl for 24-36 hrs in the presence of 
10% bovine fetal seram is analyzed on an Epics Profile Analyzer (Coulter Electronics. Pathology. 
UnivereityofToromo) according to known procedures. After treatment, cells are tiypsinized and 
the 200 X g centrifuged cell pellet is suspended in 1 ml of hypotonic fluorochrome solution of 
50mg/ml propidium iodide (Sigma) and stained for 30 min at 4 To remove RNA prior to 
staining, cells are treated with 100 ml of 200 mg/ml solution of DNase-free RNase A at 37**C for 
30 min. Cell cycle distribution is determined using manual gating. Flow cytrometric quantitation 
of apoptotic cells within the propidhmi iodide-stained population is performed as described 
Dd>ris and dead cells are excluded on the basis of their forward and side light-scattering 
properties. Astrocytoma celk grown simultaneously in the aibsence of VTl sema^ 

DNA Fragmentation Assays Cdls: - 
Tumor cells arc incubated in RPMI 1640 medium alone or in the presence of intact VT or VT-B, 
After 18-h culture, cells are counted and viability assessed by trypan blue exclusion. Cells are then 
ccntrifuged and washed twice with saline bufifer. The pellets are lysed by incubation for 1 hat 
50*C in 10 mM EDTA, 200 mM NaCl, 0.1 mg/ml proteinase K, 0.5% (wAr) SDS, and 50 Mm 
Tris-HCL, pH S. The DNA is extracted with lAenol, chlorofomuisoamylalcobol (24: 1), and then 
ethanol precipitated UnfiragmentedDNAis discarded, and 0.1 volume of 3 M sodium acetate, pH 
7,2, is added to the supenatant which is left at -80°C overnight The precipitate containing 
fiagmented DNA is ccntrifuged (1300g, 30 mm) and dried under vacumn. DNA derived firom 5 x 
10* cells is then resuspended in 20 ml RNAse bufifer containing 0.5 mg/ml DNAse-firee RNAse 
(Sigma), 15 mM NaCl, and 10 mM Tris-HCL, pH T5. and incubated at 50*^0 for Ih; 
Electrophoresis is carried out at 70V in 2% agarose gd containing 0. 1 mg/ml ethidium bromide in 
a buffer containing 2 mM EDTA, 80 mM Tris-phosphate. pH 8. After electrophoresis, giels are 
examined under UV. Phage DNA fhmi bacteriophage 1 and f digested by /ffmOT 
respectively, provide molecular wdgjit standards. 

Nuclear staining vrith propidium iodide 

SF-539 cells grown on the cover slips overnight are incubated at 37**C with VT-12B subunit (50 
mg/ml) for 1.5 hrs or 10 hrs and fixed (with 1% paraformaldehyde for 3 minutes), permeabilized 
with 0. 1% Triton X in 100 mM PBS forS min, and stained with 5 mg/ml propidium iodide 
(Sigma). After extensive wash with 50 mM PBS, the fixed cells arc mounted with DABCO (1, 4- 
diazalncyclo-octaifce (Sigma), and nuclear staining is observed under incident UV illumination. 

Proliferation assay 

Ap|»oximately 1-5 x 10 ceils are added to 24-well plates and incubated in a-MEM in 5% CX)2 at 
37*C. After 24 hr, the growth medium is replaced with niedium containing various concentra^ 
oftheholotoxinVTl (0.0,1.5.50, lOOng/ml). The treated astnxgtonaceU lines and auiotheU^ 
cells are tiypsinized and counted at intervals throughout the growth curve. Cell viability is 
assessed by trypan blue dye exclusion. Cell counts are plotted against time for the various 
concentrationscfVTl and B subunit. For each time point analyzed, the wells arc set-up in 
trif^cate. 

For sdected ceU Unes, the B subunit of VTl, VT2, and VT2c is added alone to the astroc^ 
cells at same concentrations listed above. A single dose of VTl . VT2. and VT2c is added to 
confluent astrocytoma cells in microplatc wells. Cell survival at 72 hr is monitored by staining 
with 0.1% crystal vid^ and measuring the optical density at 590 nm using a Pynatd^ 
plate reader. 

Example 45 

Mnltidmg Resistant Ceil s: Chilture and Prer>aiatiop. 
MCF-7-wt andMCF-7-AdR (adriamydn-resistant) cells are obtained ftom Drs. K. H. Cowan and 
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M B. Goldsmith, National Cancer Institute. Cells are maintained in RPMI 1640 medium 
containing 10% FBS (v/v), 50 units/ml penicillin, 50 mg/ml streptomycin, and 584 mgAiter L- 
glutamine. KB-3-I human oral epidermoid carcinoma cells (parent, drug-sensitive) and KB-V-1 
cells (highly MDR) and subclones are (*tained from the National C:ancer Institute). Cells are 
grown in high ghioxse (4.5 g/liter) Dulbeoco's modified Eagle's medium containing 10% FBS and 
other components described above. The KB-V-1 cell line is maintained with vinblastine (1.0 
mg/ml) in the medium. NIH:OVCAR-3 cells (human ovarian adenocarcinoma, diug-resislant) are 
obtained fnrai the American Type Culture CoUection and grown in RPMI 1640 medium 
containing insulin (10 mg/ml), 10% PBS, and other components listed above. All cells are 
cultured in a humidiiied, 6.5% C02 atmosphere, tissue culture incubator. C^ls are subcultured 
once a week using 0.05% trypsin and 0.53 mM EDTA solution. 

LrodMass Anafrgas 

CeU lipids are analyzed TLC separation and charring of the chromatogram. Briefly, total 
cellular lipds are extracted and e^ aliquots (by weight) from each sample are ^tted on TLC 
plates. Plates are developed in the desired solvent system (see below), air-dried for 1 h, and 
sprayed using a 35% solution of sul&ric add in water (vA^). The lipids are charred by heating in 
an oven at 180°C for 30 mm, and resulting black bands are visualized. 

Cell Radiolabeling and Analysis of Sphineolipids 

MCF-7 cells grown in medium containing 10% FBS, are switched to serum-free medium 
containing 0. 1% fatty add-^ 6S A. C^U lipds are radiolabded by incubating cells with 

I HJserine (2.0 mCi/ml), ( H]palmitic add (1.0 mCi/ml, or ( HJgalactose 1.0 mCi/ml) for the 
indicated times. In some instances, cells are radiolabded in medium containing 5% PBS. Cells 
are then rinsed twice with PBS, and 2 ml of ice-cold methanol containing 2% acetic add is added. 
The cells are scraped fiee, transferred to glass test tubes (13 x 100 mm), and lipids are extracted by 
tbe addition of chloroform (2 ml) followed by water (2 ml). The resulting organic lower phase is 
evaporated under a stream of nitrogen. Lipids are resuspended in 100ml of chloroform'methanol 

(1:1, v/v) and aliquots are aj^lied to TLC plates. When using [ HJgalactose, radiolabeled cells are 
washed twice with PBS, transferred to glass tubes with methanol (2 ml, and ghicosylceramides 
and gangliosides (2.5 mg of each) are added to aid recovery. Lipids are extracted by the addition 
of water (2 ml; and 2 ml of chloroform (three times consecutively). The pooled organic lower 
phase is treated as above. Lipid analysis is carried out by various TLC s^mrations using solvent 
system I, chloroform/methanol/ammonium hydroxide (65:25:5, v/v); solvent system II, 
chloroform/methanol/ammonium hydroxide (40:10:1, v/v), solvent system III, 
chloroform/methanol/water (60:40:8, vA'), or solvent system IV, chloroform/methanol/acetic 
add/water (50:30:7:4, v/v). For determination of ceramides. an aliquot of the chloroform-soluble 
lipids is base-l^rdrolyzed in O.INKOH in methanol for 1 hat 37^(3; lipids are re-extracted and 
separated using solvent system V hexane/diethyl ether/formic add (60:40: 1, v/v). Galactosyl- and 
glucosyl-ceramides are separated using solvent system VI, chlorofonn/methanolAvater (60:25:4, 
v/v). This separation is performed on TLC plates that are pie^run in 2.5% borax in m^^ 
(1:1) and heated at 110°C prior to use. 

Radiochromatograms are sprayed with EN^HANCE and exposed for 3 — 7 days for 
autoradiography. TLC areas, aligned with hands on the autoradiographs or with iodine-stained 
commercial lipid standards are scraped from the plate. Water (0.5 ml) is added to the plate 
scrapings, followed by 4.5 ml of EooLume counting fhzid, and the san^des are quantitatedby 
liquid scintillation spectrometry. 

Purification of Glycosvlceramides 

The compounds, extracted vrith total lipids from MCF-7-AdrR cdls, are resolved from other lipids 
on {^reparative TLC using silica gel H plates developed in solvent system n. The appropriate 
region of the TLC plate is then scraped into test tubes, and lipids are extracted with 
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chlorofonn/methanol/acetic add/water (50:25:1:2, v/v). The saiB^les are cenlrifu^ and the 
solvent transferred to new glass tubes and evaporated to dryness under nitrog^ 
Fast- At m Bombardment/Mass Spectrometry of TLC-is olated Lipid- 

F AB/MS spectra are acquired using a VG 70 SEQ tandem Itybrid instrumoit of EB^ geometry 
(VG analytical, Altrincham, UK.). The instrument is equii^ with a ^ndard unheated VG FAB 
ion source and a standard saddle-field gun (Ion Tech Ltd, Middlesex, UK) that produces a beam 
of xenon atoms at 8kV and 1mA. The mass spectrometer is adjusted to a^esolving power of 1000. 
and spectra are obtained at 8 kV usinga scan speed of 10 s/decade. 2-Itydro?qrethyl disulfide is 
used as matrix in the positive FAB/MS, and triethanolarnine is used as a matrix m 
FAB/MS, Negative FAB and positive FAB give different values for the same compom 
charge (proton conteru) differences. 

Example 46 

Incubation of Tumor Cells with Hydroxy Fattv A cids for Selective Synthesis of Oat^osplunfloMriife m 

Lipid Analysis 

IXunor cells on filters are incubated for 1 hr at 3TC in the presence of labeled and unlabeled 

[^HICer(C6[D-20Hl). After the incubation, lipids are extracted from the cells and the combined 
incubation media and analyzed Lipids are extracted from cells and media by a two-phase 
extradiort The upper phase contains 20 mM acetic add and (for radiolabeled lipids) 120mM KCl. 
After a chloroform wash, which is added to the lower phase, lipids remaining in the upper phase 
GalCir are collected on SepPak CI 8 cartridges (Waters, Milford, MA) from which lipids are 
elutedwithchlorofbrm/methanolAvater 1:22.-0.1) and methanol. The organic (lower) phase is 
dried under N2, and the lipids are ^jplied to TLC plates that were dipped in 2 . 5% boric acid in 
methanol, dried, and activated by heating at llO^'Cfor 30 mm. They are developed in two 
dimensions: 

L chloroform/m«hanol/25%NH40IVwater (65:35:4:4. v/v); and 

IL chloroforrm/acetonc/methanol, acetic add/water (50:20: 10: 10:5. vA^). 

Fluorescent spots are detected under UV. scraped &om the TLC plates and the fluorescent lipid 

analogs are extracted firom the silica in 2ml chlorofonn/metlianol/20 mM acetic add (1 :2:2: 1 v/v) 

for 30 mm. After pelleting the silica for 10 minat 1,500 rpm fluorescence in the supematants is 

quantified in a fluorimeter (Kontroa Zorich, Switzerland). Radiolabeled spots are detected by 

fluorography after dipping the TLC plates in 0.4% PPO in 2-m^l^lnaphtlialene with 10% xylene. 

Preflashed film (Kodak X<>matS) is exposed to the TLC plates for 3d at -SO^'C. The radioactive 

spots are scraped from the plates, and the radioactivity is quantified by liquid sdnti^ 

in 0.3 ml Solulyte (J.T. Bafcer ChemicaL Deventer, The Netherlands) and 3 ml of Ultinsa Gold 

(Packard Instruments. Downers Grove. IL). 

Example 47 

(Conjugation of Proteins to Lipo^MOtdns 
The preferred method for coupling superantigens to lipoprofteins is to use 10 mM solution of 
sodium periodate for oxidation of the carbohydrate in the lipoproteirt This will also cleave 
c-c bonds in the sugars with acgacent l^rdroxy Is and oxidize them to reactive aldehydes. 
Superantigens form SchifTbase linkages with the aldehyde modified sugar groups under 
alkaline conditions, the aldehyde modified sugar is then coupled to the amine containing 
superantigen peptide or polype[^de. The oxidation is followed by reductive aminalion using 
sodium cyanoborohydride to reduce the labile SchifTbase between the aldehyde on the 
carbohydrate and the amine on the superantigen to form stable secondary amine covalent 
linkages. 

An alternative procedure is to periodate oxidize the lipoprotein as above to create reactive 
aldei^de groups. Heterobifimctional cross-Unking agent such as 4-(4-N- 
Maleimidophenyt)butryric add hydrazide (MPBH) 4-(4*N-MaidmidophezQrl)buryric add 
hydrazide (MPBH), and 4-(N-Maldmidomethyl)cyclohexane- 1 -carboxyl-hydrazide (M2C2H) 
which contain a carfoonyl-reactive hydrazide group on one end and a sulfixydryl-reactive 
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maleimide on the other are prefened The hydiazide reacts specificaUy with aldehyde functional 
groups to create a hydrazone linkage a type of Schiff base. To stabilize the bond between the 
hydrazide and aldehyde, the hydrazone is reacted with sodium cyanoborohydride to reduce the 
double bond and form a secure covalcnt linkage. The cross4Mridge between the two functional 
ends provides a long, 17.9-A spacer. These agents couple to pcriodatfroxidized aldehydes on the 
lipoportein caibohydratc via the hydrazine and to sulfhydryl groups on the superanligpn via 
sulfhydryl reactive maleimide group. Superantigens without reactive sulfhydryl groups are first 
thiolated with SATA or Trout's reagent before addition to the reactive maleidc. A sulfhydryl- 
containing protein or molecule is is bound via the maleimide end of MPBH and the derivative 
purified by gel filtration to remove excess reaciants, and then mixed with a lipoprotein (that had 
been previously oxidized to provide aldehyde residues) to effect the final conjugation. The 
OttX)site approach e.g.. modification of the glycoprotein first, purification, and subsequent mixing 
with a sulfltydryl-coniaining molecule is also acceptable. With this second option, however, the 
purification step should be done quiddy to prevent extenrive hydrolyris of tte nmlelmide group. 
(See Hermanson GT Bioconjugate Tedmiques Academic Press. San Di^ CA., 1996) 

Protocol for neriodate oxidation 

1. Periodatc-oxidize a liposome suspension containing glycolipid components according to 
Section 2. Adjust the concentration of tot^ lipid to about 5 mg^ml. 

2. Dissolve ehe protein to be coupled in 20 rnM sodium borate. 0.15 MNaCl, pH 

8.4.at a concentration of at least 10 mg/ml 

3. A<kl 0,5 ml of protein solution to each milliliter of lipoprotein suspension with stirring. 

4. Incubate for 2 h at room temperature to form Schiff base interactions between the 
aldehydes on the lipoprotein and the amines on the {Hotein molecules. 

5. In a fume hood, dissolve 125 mg of sodium cyanoborohydride in 1 ml water (makes a 2 
M solution). This solution m^ be allowed to sit for 30 mm to eliminate most of the hydro^n- 
bubble evolution that could affect the lipoprotein suspensiort 

6. Add 10 ul of the cyanoborohydride solution to each milliliter of the lipoprotein reaction. 

0 

7. Reactovemig}itat4 C. 

8. Remove unconjugated protein and excess cyanoboroltydride ^jy gel filtration using a 
column of Sephadex G-50 or G-75. 

Example 48 

Isolation of Lipoproteins 

Human LDL is isolated by sequential ultracentrifugation (d 1.019-1 .063 g/ml) from fiieshly drawn, 
citrated nonnolipidemic human jriasma to which EDTA 0. 1 mmolAiter is added. Freshly obtained 
plasma is subjected to diflkrentiai ultracentrifugation to isolate . 
Topically, tlw following density fractions were isolated: i)d< 1.02. to remove VLDL and EDL; 2) 
1.02-1.05. to obtainLDL; 3) (/= 1.05-1.08, to obtain Lp(a); and 4) J = 1.08— 1.21, to obtain 
Lp(a) and HDL. The Lp(a)-conlaining density firactions were subjected to gel filtration 
chromatography on a Bio-Gel A-15m column (2.5 x 90 cm). This column was ehited with 1.0 M 
NaQ, 10 mM Tris, 10 mM NaN3, 1 mM EI>TA, pH 7.4, and was continuously monitored at 280 
nm. The LDL- and HDL^comaiiiirigderisityfracdons are also aibje^ 
chromatography to remove aiiy contaminating spcdes and for uniformity of sample preparation. 
They are further dialyzed B&inst 0.0 1 M sodium phosjAate pH 7. 4, containing 0. 1 5 M sodium 
chloride and 0.01% EDTA, sterilized on OJsmi Millipore membrane, and stored at 4 C under 
nitrogen (up to 3 weeks). 

Lipoprotein fa) (Lp(a)) 

Lp(a) is prepared firam frwh human plasma by flotation centrifiigation followed by affinity 
chromatography on lysine-Sqjharose and CsCI density gradiem centrifugation as described. 
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Lipoprotein preparations are dialyzed against 0. 15 M sodium chloride containing 0.01% EDTA at 

0.01% sodium azide, filter sterilized (0.45 pm) and stored at 4 C in vials filled to aUow no air 

space. No contamination ofthe preparations by plasininogen is d^ectedbj^dA^ 

staining of sodium dodecyl sulfete (SDS) gels or by treatment with streptokinase and measuring 

plasmin activity with a chiomogenic substrate. S2251. The sensitivities of these assays excluded 

jdasminogen contamination of >1% and >0.4% respectivdy. Lp (a>fiee LDL, HDL and acetylated 

IJDL are prepared as previously described The LDL contained no apoA-1 and the 

no d^ectaWe apoB-100. The apoprotein composition is verified by SDS polyacrylamide gel 

decrophoresis. 

Lvsine-Sepharose Chromatography 

Lipoprotdn (a) has an affinity for lysine-Scpharose by virtue of lysine binding kringle 4 domain(s) 
located on aio(a). Th© most important donuun appears to be kringle 4^^, whioh has the 

homology to kringle 4 of plasminogen, although there may be other kringjes with lesser afBnify 
for lysine which also contribute to the interaction of Lp(a) with lysine-Sepharose. Plasminogen 
and Lp(a) have similar affinities for lysineSepharose; however, Lp(a) spedes with different apo(a) 
isoforms may have affinities that are significantly greater or wealoer than that of plasminogen. The 
buffer of choice in the isolation of plasminogen from plasma by lysine-Sepharose affinity 
chromatography has been 0.1 Mphosphate buffer, pH 7.4. When the same buffer system is used in 
the chromatography ofiLp(a), not all the lipoprotein is found to bind to the lysine-Sepharose i,e., 
approximately 80% of Lp(a) contained in the plasma had the capadty to interact with lysine- 
Sepharose. The perceotage of Lp(a) binding to tysine-Sepharose is increased by lowering the ionic 
strength of the twffer medium. Lipoprotein (a) spedes with large apo(a) isoforms tend to self- 
associate in the cold therefore it is best to perform the chromatographic isolation at room 
temperature. 

Preparation of Lvsine-Sepharose 4B 

Packed Sepharose 4B (250 ml) is washed with 8 liters of water on a coarse sintered glass funnel 
and activated with 25 g CNBr dissolved in 50 ml aoetonitrile. The reaction is carried out in a 
well-ventilated hood, on ice, and the pH is maintained with 6 N NaOH at pH 11. After 
approximatdy 15 to 30 mm, the activated Sepharose 4B is washed with 8 liters of 0. 1 MNaHCO^ 
pH 8.1. The agarose .is then packed by filtration, diluted with 250 ml of 0.1 A/NaHCO^ pH 8.1, 

0 

containing 50 g lysine, and stirred gently overnight at 4 . The freshly coiyugated lysine-Sepharose 
is then washed with 6 to 10 liters of 1 mMHQ followed by 8 Hters of 0.1 A/NaHC03, pH 8.1, 
and an aliquot is saved for determination of the concentration of immobilized lysine residues using 
the method rf Wilkie and Landry. The concentration of coupled lysine varies fiom 15 to 25 umol 
per milliliter packed gd 

Chromatography 

Bio-Rad (Richmond, CA) Econo-Pac columns (I Jt 12 cm) are packed with 5 ml lysine-Sepharose 
which is preequilibrated with column Imffa* (e.g., 0.1 M phosphate, 0.01% NaN^, pH 7.4). A 

porous polymer filter is placed on top of the lysin^Sepharose gd bed to prevent the column fiwm 
running dry. Plasma sanies smaller than 3 ml are applied to the column and allowed to run 
through by gravity at room terrqjerature, Larg^ volumes (up to 50 ml) should be applied with a 
pump or by gravity, but at flow rates that should not exceed 20 ml/cm /hr. The samples are 
washed into the column with four 0.5-ml aliquots of column buffer to be followed with four 0 .5 ml 
aliquots, before Lp(a) is duted withe0.2< EACA in 10 mM phosphate, pH 7.4. One milliliter 
aliquots are applied at a time, and 1 ml fiactions are collected in separate tubes. Liprotdn(a)and 
plasminogen-containing fiactions (tubes 4 through 10) are located by their absoibance at 280 run. 
The volume of ^lied plasma d^nds on the Lp(a) content and on the sensitivity of the 
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absoTbance monitor that is part of the density gradient fiactionating ^tem. 
Density Gradient Centrifugation of Lp(a) 

Place 5 ml of 20% (w/w) NaBr into a SW-40 ultracentrifuge tube (ultraclear). CarefoUy layer the 
eluate fiom the iysine-Sepharose cohimn (up to 8 ml) on top of the NaBr solution and. if 
necessary, top off the tube with 0.2 M EACA. 1 0 mM phosphate, pH 7.4. Place the tubes m the 
bucket of the swingLng^wdoet rotor and centrifuge 64 hr at 39,000 rpm and 20 . After 
centrifugation is completed, the tubes are carefully removed from the buckets and placed in the 
density gradient fiacdonating system. The tubes are pierced at the bottom, and the gradient is 
pushed out the top at a flow rate of I ml/min with a dense fluorocaibon oil, Fhiorinert FC-40 
(ISCO). that has a density of 1 .85 g^ml. The chart speed is 1 cm/min, and the fraction collector is 
set to OJ ml/tube. The gradient is monitored at 280 nm, and the sensitivity of the chart recorder is 
adjusted aoooiding to the Lp(a) content of the eluate. Densities of the various fractions are 
measured with a density meter by established techniques. 

Isolation of Apolipot»oteins B-48 and B^lOO 

The following density gradient ultracentrifugation procedure for isolating suhfractions of 
triglyceride-rich lipoproteins is suitable for SDS-PAGE on both slab and rod gels. Plasma is 
recovered by low speed centrifugation ( 1750 g, 20 min, 10). To minimize proteolytic ^gradation 
of apo B, 1.0 ul/ml plasma phenylmethylsulfonyl fluoride (PMSF, Sigma, St Louis, MO), 10 mM 
dissolved in 2-piopanol, and 5 ul/ml plasma ^tinin (Trasylol, Bayer, Leverkusen, (Germany), 
1400 ug/liter, are added. Subsequently 140.4 mg solid NaCl is added per LO ml plasma to increase 
the density to 1.10 kg^iter. Normally, a total volume of 4.0 ml of the 1.10 kg/litcr plasma is put 
in the bottom of a 13.4.ml polyallomer ultracentrifuge tiAe (Ultra-Clear, Beckman Instruments, 
Palo Alto, CA). Alternatively, 3.0 ml plasma can be mixed with 1.5 mit) 1.42 kgAiter NaUr, from 
which 4.0 ml is transferred to the ubracentrifiige tube. For the rod gel method, two such tubes are 
required to obtain enough material ftom each sample. For the slab gel method, 1.0 ml plasma is 
sufiBcient. In the latter case, a 1.0 ml portion of 1.10 kg/liter plasma can be mixed with 3.0 ml of 
HO loiter NaCl in the tube. A density gradient consisting of 3.0 ml each of 1.065, 1.020, and 
1 ,006 Isg/liter NaCl solutions is then sequentially layered on top of the plasma. 
Ultracentrifugation is performed in a SW40 Ti swinging bucket rotor (Bedonan) at 40,000 rpm 
and 15** (Beckman L8-55 ultracentrifuge). Consecutive runs calculated to float Svedberg flotation 
rate (Sf) > 400 (32 min), SI 60-400 (3 hr 28 mm), and Sf 20-60 (14-16 hr) particles are made. 
After each centrifugation, the top 0.5 ml of the gradient containing the respective lipoprotein 
subclasses is aspirated, and 0.5 ml of density 1.006 kg/liter salt solution is used to refill the tube 
before the next run. The Sfl 12-20 fraction is recovered after the last ultracentrifugal run by 
slicing the tube 29 mm from the tc^ after the Sf 20-60 lipoproteins have been aspirated Ail salt 
solutions should be adjusted to pH 7.4 and contain 0.02 % (w/v) NaN3 and 0.01% NalEDTA. 
This m^hod yields lipo|HDteiB preparations almost completety devoid of plasma albumin. 

Example 49 

Preparation & Isolation of Oxidized LDL (oxvLDL 

Oxidized LDL (oxvLDU ^ 
Native LDL (200 ugproteinM) is oxidized exposure to 5 uM CuS04 for 24 h at 25 C and the 
degree of oxidation is assessed by the increase of mobility on 1% agarose gel (1.3-1.5 versus 
native LDL) and the formation of thiobarbituric acid-reactive substances (3.4 1 +/- 0.8 mmol/L). 
Oxidation is terminated by refrigeration. Different preparations of oxyLDLdispl^Q' similar 
electrophor^ mobilities. For comparison, commercially available {vqiarations of native and 
copper-oxidized LDLs (Sigma Chemical Co., St. Louis, MO. and Biomedical Technologies, Inc.. 
Stoughton, MA, reqwctively) are used. The level of LDL oxidation is evaluated by monitoring 
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the fonnadon of lipid hydroperoxides, using the FOX-2 procedure and thiobarbituric acid-reactive 
substances (TBARS)). The relative dectrophoretic mobility is evalu^ n Hydragel (Sebia, 
Paris, France) and the level of trinitrobenzenesulfonic acid-reactive amino groups was determined 
The formation of thiobarlnturic acid-reactive substances is 17.8 nanomoles of 
malondialdehyde/mg protein using an oxyLDL preparation with relative electrophoretic mobility 
of 1.4. 

Methods for Measurement of Low-Dcnsitv Lipornotein Oxidation 

Oxidation of LDL in vitro is accompanied by characteristic change of chemical, physicochemical, 
and biological properties, and a variety of methods may therefore be used for determining the 
extent and/or rate of oxidation of LDL. They include measurement of the increase of thiobarbituric 
acid-reactive substances (TEARS), total lipid hydroperoxides defined lipid hydroperoxides, 
hydroxy and hydroperoxy fatty adds, conjugated dienes, oxystcrols, lysophosphatides. aldehydes 
and fluorescent chromophores as weU as measurements of the disappearance of endogenous 
antioxidants and polyunsaturated fatty acids, and oxygien uptake. The apolipoprotein B (apoB) 
becomes progressively altered during oxidation; its loss of reactive amino groups and 
fragmentation to smaller peptides is determined and used as an index of oxidative modification. 
The net increase of the negative sur£ice charge of the whole LDL particle is analyzed as relative 
electrophoretic mobiUty (REM) by agarose gd electrophoresis. The biological assays used most 
frequently for assessment of the extent of oxidative modification are the rate of uptake of LDL by 
cultured macrophages and its cytotoxicity toward cultured cells. Immunological assays such as 
enzyme-linked immunosorbent assay (ELIS A) and radioimmunoassay (RI A) employing 
polyclonal or monoclonal antibodies recognizing certain modifications in apoB characteristic for 
oxidative modification are employed. The epitopes produced by oovalent binding of 
malonaldehyde or 4-hyd«)xynonenal are of particular interest. Nuclear magnetic resonance 
(NMR). electron spin resonance (ESR), circular didirorism {CD), and fluorescence polarization 
have also been ^lied to study certain aspects of LDL oxidation. Simple methods, such as the 
measure of TB ARS, conjugated dienes, or fluorescence axe pr^erred . Most characterize 
oxidized LDL fay at least two independent measurements, for example, TBARS or REM and 
macrc^phage iqstake, antioxidants and conjugated dienes. 

From kinetic e^riments one can conclude that both cell-mediated oxidation of LDL and 
oxidation in the absence of cells catalyzed by Cu ions proceed in three consecutive time phases: 
lag phase, propagation phase, and decomposition phase. l)during the lag phase the LDL becomes 
depleted of antioxidants, and during this period only minimal lipid peroxidation occurs in LDL, as 
shown by measuring polyunsaturated Mty adds (PUFAs), TBARS, lipid hydroperoxides, 
fluorescence, and conjugated dienes. When LDL is depleted of its antioxidants, the rate of lipid 
peroxidation rapidly accelerates and a lipid peroxide maximum is reached afler about 70-80% of 
the LDL, PUFAs are oxidized. Thereafter, the peroxide content of LDL, starts to decrease again 
because of decorryx)sition reactions. During the lag and propagation phases the time profile for 
TBARS, fluorescence at 430 nm, lipid peroxides, dienes, and REM are very similar and only afler 
the peroxide maximum do the diGTerent indices separate and follow different kinetics. This also 
indicates that all the metho(b will give equivalent results for the susceptibility of LDL to oxidation 
as measured by the duration of the lag time. . 

Preparation of Low-Densitv Litx>protcins for Oxidation 
Isolation of Low Density Upotgoteiris 

After overnight ^^ing Mood samples are withdrawn by venipuncture and coUected by free flow 
of blood into plastic tubes containing the appropriate volume of an aqueous solution of 10% 
EDTA (w/v) (disodium salt, pH 7.4) to obtain a final blood concentration of 0. 1% EDTA fi^). 
EDTA serves as anticoagulant and antioxidant Blood is centrifuged at 1000 g for 10 mm; the 
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supernatant is then centrifuged at 10 C and 1000 g for 5 min, followed by centrifixgation at 15.000 
g for 10 min. This procedure removes all cellular debris, and a oon^^ely clear plasma is 
obtained. Generally plasma is not stored but is used the same day for LDL. isolation. The most 
comm n method for isolation of LDL is a two-step sequential ultracentrifugation with a total run 
duration of about 48 hr. LDL is prepared for oxidation experiments by a single 20-hr run with a 
discontinuous density gradient Plasma (up to 4 ml) acyusted with solid KBr to a density of 1 .22 
gAiter is layered on the bottom of a centrifuge tube (Beckman polyallomer tubes, total volume 
13.2 ml) and thai overlaid by KBr density solutions of 1 .08 (3 ml), LOS (3 ml), and 1.00 g/liter (to 
fill the tube) containing IgAiter EDTA (pH 7.4). All density solutions are purged widi nitrogen 
before use. The tubes are centrifuged in a Bedanan S W 4 1 Ti rotor at 40,000 rpm at 10 for 20 hr. 
After centriiugation the main lipoproteins very low-<tensity lipoproteins (VLDL), LDL, and high- 
density lipoprotdns ^L) are w^U. ^aiate^d fix)m characterized 
^iSieycStefwxxjtor chie to^ endogeniras bs^iarotene, is cfSs^ii^^ay'^S^^ 
transferred into a polycarbonate tube. 

Next, the cholesterol content of the isolated LDL sample is determined with the CHOD-PAP 
enzymatic test kit (Boehring^, Mannheim, Germany). When 4 ml normoliindemic plasma is 
centrifuged. the final LDL stock solution harvested from the ultracentrifugation has a 
concentration of total cholesterol of about 1.6 to 2,2 mg/ml. Based on the known composition of 
LDL the total cholesterol values can be converted to LDL mass per miUilit^ (multiply cholesterol 
by the fector 3. 16) or LDL protein per milliliter (multiply total cholesterol by the factor 0.63). It is 
also possible to determine the LDL concentration by protein measuremeiu. Next EDTA is &om 
the LDL stock solution and the oxidation is conducted immediately after isolation of LDL. For 
storage the LDL stock solution is sterile filtered through a 0. 3 um filter adapted to a syringe into a 
sterile, evacuated glass vial and subsequently purged with nitrogen (Techne Vial, Mallinckrodt- 
Diagnostica, Holland, or Behring. Matburg. (Germany). 

Removal of EDTA 

Removal of EDTA and salt from the density gradient from the LDL stock solution is conducted 
with prqacked cohmms (Econo-Pac lODG. Bio-Rad, Richmond. : A) filled with Bio-Gel P6 as 
desalting gd. The bed volume is 10 ml with a void volume of 3.3 nu . and the total column volume 
is 30 ml. The gel is preconditioned by passing 20 ml pho^jhate-buffered saline (PBS, 10 ml 
sodium phoi^hate buffer, pH 7.4, containing 0. 15 A/ socfium chloride) througji the colnma 
A volume of 0.5 ml of the LDL stock solution is then applied to the oolumn. After the LDL 
solution has run into the gel. 2.5 ml PBS is apf^ied. The first 3 ml of eluate are discharged. The 
oolumn is then eluted with 1 ml PBS, and 1 inl EDTA-£ree LDL solution is collected in a 1.5-ml 
EjppcndoTf viaL The vial is immediately made o;Qrgen-free by nitrogen gassing and transferred to 
a refrigerator. An aliquot is removed to determine again the concentration by the C^OD-PAP 
m^od. The LDL solution can be rather unstable at this stage, depending on the donor, and 
thmfore the time elapsed between desalting arid the final oxidation e?q)enme^ 
60 mm. 

Thiobaibituric Acid-Reactive Sid»tances as Index of Low-Density Lipoprotein Oxidation 
The preferred assay in LDL oxidation studies, both in presence and absence of cells, is the 
determination of thiobarbituric add (TBA)-reactive substances (TBARS) by one of the TBA 
assays developed for lipid peroxidation studies. The basal value of TBARS in freshly prepared 
LDL sanq>!es is usually low (0.5 to 3 nm/mg LDL protein) or imdetectable. In LDL oxidized for 

about 24 hr with cells or CU ions, the TBARS are in the range of 30 to 100 nmol/mgproteiit In 
copper-stimulated oxidation, formation of TBARS shows a lag phase of about 40-150 min 
dspsnd&ng on the LDU temperature, medium, and Cu2+ concentration; during this lag phase 
TBARS do not increase. Thereafter, TBARS ra{Adly increase for about 1-2 hr to a plateau value. 
On prolonged iiKnibation TBARS remain more or less constant or increase sUg^ Therqx)rted 
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time course studies for TEARS in cdl-mediated oxidation suggest that oxidation proceeds 
simUaiiy to Cu'^xidation.wthalagpImse followed byaiapidim^toapte^ 
SSC irshould be noted that most reseaichers only determine TEARS as an end pomt after 
about 24 hr incubation, when LDL has reached a final stage of oxidation. 

Assavs used fo r mpaisurEment of T EARS ^ • > • _ j j»j 

S&S 100 ulofan LDL preparati on (50 ugLDLcholesterin or 150 ugprote^is added to 
?SmSoroaceticadd^).FoUo«dngpredpitation,lmlrf thiobarbitunc acid 

HBA) is added, and the mixture is heated 45 min at 95 , cooled on ioe^ and cemrifaged (20 mm at 
Si). -S are then determined by measuring the absoibance at 532 nm « the 
fluorScence at 553 mn (excitation 5 1 5 mn) . Calibration is done with a malonaldehyde standard 

St::;S':^^3&«.n>L(25ugprotein)ismix^ 

and / 5 ml of 0.6r/o TEA. After heating at 100 for 30 mm. TEARS arc d<aermin^ 
S:2,i^Scallyatan emission wavdengthofSSImnwithexdta^^^ 
wasreoortedtobeO. 1 nmolTBARS/assay. This is equivalent to 4 nmolTBARS^protem. 
Habertend a al. determined the malonaldehyde-LDL adductusinga IBAassay. -^e 
nalondialdehyde(MDA4reated LDL was predpitated with heparin-ma^ 
Ssdischargiaftercentiifugation, and the predpitate was washed with hepaim-man 

totheTBAtest 

Mi«in.».ilviTH>difiedLDL (MM-LDL) is prepared by dialyzing native LDL against 9 uM FeSO^ in 

PBS for 72 h at 4 C. The electrophoietic mobility increased 1 • 1 «« ?f J 

oSdSd LDL was also obtaii^ by (UV + copper/EDTA)-TOediated oxidation under mild 
^£„s^L^l£ (?SSaS«/ml comaining 2 umol/lit« CuS(54) was for2 
rratWnfilm(5 mm) in an open beaker placedlOcmmider the UV-C source (HNS 30WOFR 

Osram UV-C ttibe, 1 254 nm. 0.5 miUiwatl/cm determined using a Sdcntech thermopUe Model 
360001) under thL sandard conditions. At the end of the irradiation, alkpots were taken up for 
Si S^ri^dLDL (200 ug of apoB/ml under standard conditions or at the mdicated 
concentration) were immediately incorporated in the culture medium. 

Acet vlation of LDL is performed with excess acetic anhydride. Endotoxin comamination in 
Sl is measure d with the coagulation Was amebocyte lysate assay usmg a commercially 
available kit (E-TQXATE, Sigma Chemical Co.). 

rSant rSStt^Sl for 1« hoursinc^DNAf^gn^nma^n^^^^ 
dependent mamier with maximal effects at 10 ug/mL. In contiast, native UDL did m^ 
SpLs in tiie ooncemration range tested The induction of apoptosis 
SCSg DNA ftagmSon through agarose ^ decti^ophorcsi^LDH rd«^ not 
no Ug/mL oxLDL (105±11% compared witii control oeUs) exeludmg tiie mduction of 
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TVtPrtinn nf F as and FasT . Exmession Kndothelial Cells. . • # n .r . 

iSIeCs and mrVECs were incubated wiU i oxyLDL (150 u§ protem/ml) or L^- 

palmitoyl lysophosphatidylehoUne (UPC. 45 uM. Sigma Chemical CoO at 37 C. 5%C02^ 13 h^ 
Sd2lSS<Suureplatewitii0.5o/.EDrA. To determn« FaJ. expresaor^ 
Sto are incubated with an ar^.Fad.antibo<iy(C-20.SantaCr^^^ 

oTwitii rabbit IgG fbUowed by a FTTC-conjugated antibody against labbrt Ig f t«omoe, 
SSlo^) To determine Fas expression, eudottielial cells were incubated with^ FTTC- 
anti S^Snal aiSdy (done UBZ. Immunotech. Wemtteook. ME) or an 



Frrc.conjiigated mouse IgG. Immunofluorescence staining was analyzed by FACS (fluorescence- 
activated ceD sorter) (Becton Diddnson. Mountain View, CA). 

Detection of PNA fragmentation by agarose gel electtp phoresis. 

HUVECs (10*) were incubated in the presence or absence of native LDL (300 ug protein/ml). 
oj^fLDL (300 ug protein/ml). LPS (100 endotoxin U/ml), or a neutralizing anti-FasL antibocfy (iO 
ug/ml, 4H9, MBL, Nagoya. Japan) for 36 h. Attached cells and floating cells were combined and 
lysed in 0.33 ml of lysis buffer (10 mM Tris-Ha pH 8.0, 1 mM EDTA, 0.2% Triton X-100) 
followed by incubation with 0.1 mg^ml RNAase A for 1 h at 37 C and 0,2 mg^mi proteinase K for 

3 h at 50**C Ethanol-iHecipitated DNA was resuspended in TE buffer, fractionated on 1.5% 
agarose gel in DC TBE buffer, and stained with ethidium bromi(te. 

Detection of DNA fragmentation bv TdT-mediated dUTP nick-end labeling fTUNELV 

70% confluent HUVECs are incubated in the presence or absence of OxLDL (300 ug 
protein/ml), a neutralizing anti-FasL antibodfy (10 ug/mi. 4H9). or an agonistic anti-Fas antibody 

(0.5 ug/ml CHI 1, MBL) for 16 h at 37'*C, 5% CO^. Attached cells harvested by trypsinization and 
floating cells are combined, fixed in 4% paraformaidehyde, permeabilized in 0. 1% Triton X-100, 
0.1% sodium citrate^ and incubated with TUNEL solution (Boehringer Mannheim. Indian^lis. 
IN) in the absence or in the presence of terminal deoxynucleotidyi transferase. After washing in 
PBS, fluorescence intensity was analyzed by FACS. 

Cell viability assay. 

HAECs or HUVECs are cultured in a %-well plate at 80% conflucncy and incubated in the 
IHesence or absence of oxyLDL (300 ug protein/ml), LPC-C16:0 (55 uM). a neutralizing anti-FasL 
antibody (10 ug/ml. 4H9). or an agonistic anti-Fas antibody (0,5 ug/ml. CHll) for 18 h. Cell 
viability is measured by means of MTT (dimethyithiazol-diphenyltetrazolium bromide) assay and 
percentage of cell death was calculated as 100 x (1 - vial»% of treated endothelial cellsAiahility 
of untreated endothelial cells). 

Cell Viabilitv Assay and Reagents— Human umbilical vein endothelial cells (HUVECs) are 
isolated and cultured in endothdal grewth medium (SCM; Qonetics, San Diego, CA). HUVECs 
cultured in a 96-well plate at S0% confluency are incubated with oyxLDL or LPC at indicated 
doses for 16 h. Cell viability is measured by means of MTT (3-(4,5-dimethyl thiazol-2-yl>2,5- 
diphenyl tetrazolimn bromide) ass^ 

Example 50 

Pre paration of Vesicles Expressing Recombinant Membrane Bound Superantieens Using the 

Yeast sec6 Mutant 

The superantigen cDNA, or oxyLDL receptor, ^>oprotein verotoxin or (rther polypeptide given 
herein corresponding to the cDNA for protein eT^ntession in yeast is used The length of the 5'* 
untranslated region is minimized. E:q>ression of a cDNA in the sec6^ yeast mutant is best 
controlled and may be maximized with an inducible promoter. The GALI promoter is preferred. 
The pYES2 expression vector (InVitrogen, San Diego, CA) contains the G4L/ittomoter followed 
by a multiple cloning site. Other commonly used inducible promoters include the metallothionein 
CUPI promoter, widch is tightly controlled by copper; promoters activated in response to heat 
shock, which are of particular interest for expression in the temperature-sensitive sec6^ nnitant 
and the PH05 promoter, which is derepressed at low phosphate concentrations. Introduction of the 
piasmid into yeast cells is acccmq;>lished either by electroporation or LiCt-mediated 
transformation. Isolation of transformants requires selection yeast that are uraS auxotrofdis are 
able to grow on media lacking uracil when they contain the pYES2 expression vector that contains 
the wild-type URAS gene. Other selectable marirers indnde enzymes in the adenine, histidine, 
leucine, lysine, and tiyptophan biosynthetic pathways. The superantigen cDNAs are cloned into 
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the pYES2 expression vector and selected for transformants on plates with synthetic complete 
(SC) medium laddng uracil tat containing 2% rafiOnosc as the carbon source (SC -Ura raff 
medium). Single colonies are isolated and grown overnight t saturation in 2 ml of SC -Ura raff 

medium at 25** with constant shaking in 2% raffinose instead of glucose. In a siteequent step the 
yeast are switched to medium containing galactose as the carbon source as the GALI promoter 
initiates gene cjqjression only when galactose is the predominant carbon source. The 2-ml starter 
culture in SC -Ura raff medium is added to a 1-liter culture of the same growth medium and 
incubated at 25** with constant shaking. When these cultures reach an 0D600 (optical density at a 
wavelength of 600 nm) of about 1.0 (usually about 12 hr), the cultures are centriluged at 4000g at 
4* for 5 min, rcsuspended in 4 liters of SC -Ura gal induction medium (containing 2% galactose 
instead of 2% raffinose as the carbon source), and shifted to 37 for 2-3 hr to induce protein 
expression in the sec6 vesicles. 

Following growth at 37**, the cells are collected by centrifugation at 4000g at 40 for 5 mm and 
washed once in ice<old water. Pellets are resuspended in an absohite minimum volume of water 
and quick froz^ in liquid nitrogea Cultures may then be stored indefinitely at -70 . Thawed 
cultures are resuspended to a final concentration of 50 OD618- units/ml (e.g., a 1-liter culture at 
OD600 = 1.0 is lesusp^ided in 20 ml) in 10 mM dithiothreitol (PTF) and 100 mM Tris-CI, pH 9.4. 
The resuspemled culture is shaken ^ntiy at room temperature for 10 min. This step increases the 
efficiency of spherofdast lysis at a later step by reducing disulfide bonds in the yeast cell wall. We 
then collect the cells fay centrifugation at 4000g at 4 forSmmandresuspendtheminspheroplast 
buffer to a final concentration of 50 0D600 units/ml. Spheroplast buffer consists of 1.4 M sorbitol, 
50 mM K2HP04, pH 7,5, 10 mM NaN3, and 40 mM 2-mercairtoethanoL Spheroplasts are 

generated by digesting the cell wall with lyticase (or zymolyase) for 45 min at 37 , The amount of 
bacterially e^^ssed, recombinant lyticase needed to form spheroplasts is determined empirically; 
after45 mintheOD ofalO-ul aliquot oftheyeast suspension diluted into 1 ml of 0.1% sodium 

600 

dodecyl sulfate (SDS) should be -20% of the OD of the initial dilution measured at 0 min. The 

0 

spheroplasts are then harvested at 3000g for5minat4 , and the cells are resuspended gently with 
a pipette or Teflon rod in spherof^ast buffer containing 10 mM MnCl2 to a final concentration of 
50 OD units/mL Concanavalin A (Sigma, St Louis, MO) is then added to a final concentration 

^ 0 
of 0.78 to 1.25 mg/Txd and incubated with rotation or gentle shaking at 4 for 15-30 mm. A 
concanavalin A stodc solution (25 mg/ml) is prepared in spheroplast buffer containing 1 mM 
MnC12 and 1 mM CaCl and is firozen in 1-mi aliquots. Lectin-coatedspheropla^ are harvested 

0 

at 3000g for 5 mm at 4 and then resuspended in lysis buffer to a final concentration of 60-70 
OD^ units/mL The suspension is homogenized using the loose pestle of a Dounoe homogenizer 

and 30-40 strokes of the pesOe at 40 (or on ice). Lysis bufferconsists of 0.8 M sorbitol, 10 mM 
tnethano!aimne(TEA)»axidlmMEDTA The pH is adjusted to 7.2 with ac^c add or TEA 

0 

Unlysed cells, cell dsbtis, mitochondria, and nuclei are pelleted at 20,000g for 10 mmat4 The 
supernatant is removed with a jnpette and centrifuged at 144,000g for 1 hr at 40 to pellet the 
secretoiy vesicles. The supernatant is decanted carefully and the pellet is resuspended in either 
lysis buffer or another buffer containing osmotic support 

Example 51 

Use of Anti-Sense Olifimnucleotides to Inactivate ITIMS In \^tro & In Vivo 

The antisense methodologies produce inhibition of spsdSc gene fHoducts by exploiting 

hybridization of complementaiy mideic adds, resultirig in decreased mRNA stability, or through a 
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block in itiRNA processing, transit or translation. An RN A or single stranded DN A that is 
complementary to the mRNA of rriM is introdiK^dimoinmiu^ Theantisense 
molecule can form hase-pairs with the mRN A, thus preventing translation of the mRNA into 
protein. Antisense inhibition can be prodiK^ddther by the transfection of pUismids or ^ 
addition of small single-stranded oligonucleotides. Modifications of these strategies , include 
inducible antisense vectors, antisense retroviral vectors, and a variety of oligonucleotide 
modifications to 6cilitate delivery and enhance efficacy. 

Expression vectors are constructed to produce high levels of antisense RNA in transfected cells. 
Antisense nucleic aci(b can be introduced into immunocytes using synthetic single-stranded DN A 
oligonudeotices. When short oligonucleotide complementary to the sequ»K:e around the 
translational initiation site (the AUG codon) of an RNA in the cells, they hybridize to the mRNA 
and prevent initiation of translation. Chemically modifying the oligonucleotides can greatly 
increase the effidency with which they enter cells and their stability once inside. 

Principle of Method 

Genetically engineered plasmid-based antisense methods expression vectors which generate 
RNAs containing sequences complementary to key regions of specific genes are used. These 
antisense expression vectors imkatyotic and eukaryotic selectable markers allowing vector 
construction and identification of traiusfectants, a gene promoter which controls the expression of 
the antisense RNA, an antisense secpience which is complementary to a UndaUe region within the 
specific target gene sequence (5* untranslated and/or translation initiation regions are often 
enq^oyed as tar^ sites); and a RNA stabilizing sequences to assure stability of antisense RNAs. 
C^mal gene replacement protocols would include both inhibition of the endogenous gene and 
overexpression of the preferred (or nnitant) gene. Oligonucleotide-based antisense methods use 
synthetic single-stranded oligonucleotides which may range from simple deoxyribonucleotides to 
more complex molecules containing base modifications and/or covalent modifications which 
erxhance deliveiy, uptake, or antisense efiecl 

Materials and Reagents 

Antisense e?q>ression vectors are obtained firom the laboratories where they were developed or 
areconstructed by combining the key elements described eariier. Hiese include neomycin as a 
selectaMe marker so transfectants are isolated en^loying Dulbecco^s modified Eagle*s medium 
with 10% calf senim and the appropriate concentration of the antibiotic G418(BethesdaI^ 
Laboratories. Bethesda, MD). G418 is used for selection of stable transfbrmants. 

Pure oligonucleotide preparations and nuclease-free culture conditions are utilized. Antisense 
oligormdeotides are synthesized fay solid state methods artd purified by chromatography or gel 
purification (or obtained fixmi commercial sources). Following purification, the oligonucleotides 
are lyophilized two to five times in sterile distilled water to remove volatile components. Both 
unmodified and modified oligonucleotides are suspended in 10 mM HEPES (N-2- 
hydroxy^lpiperazirte-N^-2-clhanesulfomc acitO-buffcred saline at pH 7.4. The pH of these 
oligonucleotide sohitions is chedced because the addition of even small amounts of solutions with 
nonptQTsiologic pH can have profoundly toxic efiects on cells. Nudease-fiee culture conditions are 
eny>loyed 

Desijgn and Construction of Antisense Expression Vectors 

For inhibition of ITIM expression in mammalian cells a prototype antisense expression vector is 
used. This vector allows cloning of antisense and control "sense"* gene fragments between the 
metal-inducHsle m^lothionein promoter and b-globin sequences which are added to provide 
stability to the antisense sequences. We have also constructed vectors which dififer only in the 
promoter region because the promoter region in these veaors is readily excised by 5' EcoRI and 



192 



3' Hindm sites: one series of vectors is regulated by the stcroid-inducible mouse mammaiy tumor 
virus (MNTTV) promoter, and another series of vectors is regulated by the constitutive Rous 
sarcoma virus long terminal repeat (RS V-LTR). Antisense retroviral vectors are constructed which 
are compatible with our plasmid expression vectors: the promoter cartridge is flanked 1^ umque 5 * 
Xhol and 3' Hindni sites, and the antisense cartridge is flanked 1^ unique 5* Hindlll and 3* 
Bamffl sites. Because the target sequence to the 844^ antisense vector resides entirely within the 
5'-untranslated region, this antisense vector inhibits the en4)gpnous ITIM gpne. Antisense- 
resistant CJjpression vectors are constructed by cloning the HaeJI-EcoRI fragment of human ITTM 
cDNA into a Moloney LTR-regdated ej^ression vertor removing sequences complementary to 
the 84-<v antisense 772/1/ construct. In order to demonstrate which domains of the FITM gene 
contribute to cellular inhibition, JTM C-terminal deletion mutants are constructed by linker 
insertion of an in-frame termination codon. All of these mutant 773Mplasmids are subcloned into 
expression vectors for expression in cultured fiteoblasts (Moloney-LTR promoter) or F9 
embryonal carcinoma cells (Rous sarcoma virus LTR promoter). 

Production of Stable Transform ants Expressing Antisense RNA 

Stable transformants ©qjressing both the antisense-resistant vector and the anti-jmf RNA 
construct are obtained by cotransfection of both plaanids using the following fKotocol which 
gcaierally results in 20-50 transformants per 20-50 mm tissue culture dish. ^ 
Day L 12 million cultured mouse fibroblasts (NIH 3T3, BALBc/3T3) are plated per 100-mm 
tissue culture plates in 10 ml of Dulbecco's minimal Eagle's medium supplemented with 10% calf 
serum and allowed cells to attach overnight 

Day 2 Each plate is transfected by caldum-DNA coiffediMtation with 20 mg of cesium-banded 
plasmid DN A. For cotransfection studies, use 2 mg of flie antisense vector containing the Neo 
selectable marker and 18 mg of the antisense-rcsistant exi»:ession vector which lacks this 
selectable marker. This resuhs in expression of both plasmids in most stable transformants. A 
DNA-calcium solution is prepared by mixing in the following order: 20 mg of plasmid DNA 
dissoWed in IE (10 mM Tris, pH 7.5. 1 mM EDTA), 50 ml of 2.5 JkT CaQ and TO to make 500 
ml total. This solution is added slowly to 500 ml of 40 mM HEPES4niffcred saline (pH 7.2) and is 
tiien mixed by bubble aeration to form an opalescent solution. After a 30-mm incubation at 25 , 
the entire 1-ml cofwedpitate is added to the plate. After incubating tfje DNA ooprecipitate with tiie 
cells for 4 hr. the media is aspirated, and tiie cdls are treated witii 5% glycerol i^ 
buffer for 3 mm. After this glycerol shock, the oeUs are washed again with phosphate-buffered 
saline (PBS) and then reM with 10 ml of fresh medium containing serum. 
Day 3, TTw media is aspirated and replaced with 10 ml of DuIbecco*s minimal Eagle's medium 
supplemented with 10% calf serum and 1 mgtol of tiie antibiotic G418. 
Day 5. The medium is aspirated (which by this time contains dead cells and cellular <W>ris from 
G418-sensitive cells) and refed with 10 ml of Dulbecco's minimal Eagle's medram supplemented 
with 10% calf serum and 1 mg/al of the antibiotic (5418. 

Day 7. The medium is asinrated and refed with 10 ml of Dulbecco's minimal Eagle's medium 
st^lemented with 10% calf serum and 1 mg/ml of the antiWotic G418. 
Days 9-12. Once individual clones are clearly apparent they can be isolated with cloning rings and 
expanded in individual wells of microtiter plates. Multiple dones should be studied for each 
combination of antisense vector and antisense-resistant rescue plasmid. 

Colransfectant clones arc analyzed to quantitate the extent of antisense inhibition of the mM 
gene, the level of expression of the antisensfr-resistant transfected g^, and the eflfecttf 
asm inhibition on ceUular reactivity to lipid antigens or superantig^ns presented alone or in the 
context of cell bound or sohdde MHC or CDl molecules. 
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Assays to quantitiate reactivity and analyze antisense inhibition in the presence and absence of 
antisense RNA are earned out as follows: [ H]Thymidine incorporation of stable transfectants and 
controls is meaured after exposure to lipid antigens or superantigens in the context of MHC or 
CDl cither cell bound (or immobilize^ or in sohiWe form. Control "sense" plasmids are 
similarly treated and tested. In addition, rescue with a wild^typeantisense-resistant gene should 
overcome the antisense inhiWtion, provide additional assurance that the growth inhibition is 
actually due to specific inhibition of the ITIM gene. 

Antisense inhibition can be quantitated by measuring levels of either target gene m RNA or 
protein. Nuclease protection assays provide an excellent method for quantitation of antisense 
effect Cells fiom the stable transformant dones are placed in DMEM with 0.5% calf serum for 
48 hr prior to steroid treatment and/or serum restimulation. RNA is isolated from cells by the 
euanidinium Ihiocyanate method and the total RNA from 2 X 10 cells is hybridized with 3 x 10 
cpm of the labeled RNA probe for 16 hr at 45 . Samples are thai treated with 2 mg/ml of RNase A 
and 4 U/ml of RNase Tl for 30 mm at 25 and are deproteinized by sequential treatment with 
proteinase K and phenol-chloroform followed by ethanol precipitation, and electrophoresis on an 
8% denaturing polyacrylamide gel. 

Antisense InhilMtion with Anti-ITIM Oligonucleotides 

Oligonucleotides target regions of the ITIM mRNA which are available for hybridization i.e., a 
re^on that is utibound by protein and free of secondary structure. Sequences within the 5'- 
untranslated r^on or translation initiation region are employed for design of antisense 
oligonucleotides. The length of oligonucleoti<tes en^)lpyed for antisense inhibition varies between 
12 and 20 nucleotides, A melting tmperature (Tm) of 50-55 is optimal for specific inhibition of 
target genes. Tm for short oligomicleotides is best (ktermined by a formula in which G and C 
residues equal 40 and A and T residues equal 20. Optimal ITIM antisense oligonucleotides range 
from 14 to 19 nucleotides. 

Determination of Oligonucleotide Stability 

Oligonucleotides are 5' end labeled with polynucleotide kinase and [ P]ATP and are then added 
to culture media and serum (plus unlabeled oligonucleotide to achieve a frnal oligonucleotide 
concentration of 5 mM; for a 15-mer this is a^ppoxiinately 20 mg/ml). Aliquots are removed 
periodically and resolved on denaturing 20% acrylamide gels. 

Detection of Intracelhilar Duplexes 

To detect intraoeUular duplex, 20 mg of oligonucleotide is 5* end labeled oligonucleotides with 
20 mCi of ['^Pl ATP to achieve a specific activity of 50 million cpmhng. After incubation for 4 hr. 
unincorporated oligonucleotides are removed by washing the cells three times with HEPES- 
buffered saline prewarmed to 37 (to prevent the melting of dq)lexes). The cells are then lysed in 
100 ml of Nonidet P-40 lysis buffer (10 mM Tris, pH 7.5. 10 mM NaCl. 3 mM MgC12, 0.05% 
Nonidet P-4t)) containing 0.5% sodmm dodecyl sulfete^ 100 mg of proteinase K per ml. and a 
10,000-fold excess of unlabeled oligomer (as the carrier). Following phenol/chloroform extraction 
and ethanol prectpitatioa a SI nuclease i»otection assay is performed at 37 and the products are 
analyzed on a 20% denaturing acrylamide gel (containing 42 g of urea of 1 00 ml) . To demonstrate 
that the duplex is intraoeUular and not an artifact of RNA isolation, an '*add4>ad^ control is 
performed in which the measured amount of cell*associated radioactivity is adfted with carrier 
(excess unlabeled oligonucleotide) to a lysate of cells that were previously unexposed to 
oligonucleotide. 

To confirm that antisense oiigormcleotide effects are due entirely to target gene inhibition, and not 
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merely toxicity due to unexpected efifects of douWe-^tianded RNA. reversal expmmente are 
^olSloyiBg an eSof anticomplementary rsense-) o«gom.c^t^^^ 
SS^riSS of antisense olig^ucleotide sequences to specife gene targ«^ sequ»«^ ^ 
aSSitio^STicess of sense "gonudeotide reverses the observed rffecte 
Session but expression of the antisense rescue gene restores the JTIM function. TTus provides a 
S^S^l for tl« «ntiseni« RNA and suggpits that the observed 

inhibition of end(^enous gene eqjression. \ 

Oligonucleotide preparations can have toxic effects on cells, thus auti-s«»se o»i6«^«d«>^.^ 
«SLts emS^tiple controls to assure that the observed results are not me«ty due to 
teS First, the target ©me is shown to be inhibited by analyzing levels of n^Aaiid/or 
nrotein^" Secondly, the demonstration that oligonucleotides with sufficient sequence dyshomolosr 
S^^e vSkt duplex formatioa and third that the addition of an anticomplm^ta.^ 
oUgonudeotide can reverse the antisense oUgonucleotide effects by hybndization oompetiaon. 

Example 52 

n>.np Knnckfiut Micp TMn^ HomoloPOBS Recombination 
fipiift Targeting and Goi eration of Mutant Mice 

Nucleic S encoding the mM of the immunocyte inhibitory receptors for cell acUvation by 
rUrtorsspecific for lipid nioleculesandsuperantigens are deleted in vitro by use of homologous 
SanatiTnusinginsertionalnmtagcnesis. ^«««egener8t^^thg^emulaUon^^^^ 
foTwhich one has a cDNA or genomic clone. Stable cultured lines of totipotentid cells from 
mouse or ernbryos embryonic stem (ES)cens are grown and n^pidatedmtis^ 
introduction Into blastocyst embryos and participate in the devetopment of all rfthe 
embryo, including the germ line. ES cells altered during their time m adtare (og., ^J^^^Z 
alteration of gpnes) rise to lines of mice that inherit the same g«ietic alteration. Homdo^us 
recombination in mammalian c«Us is used as wen as selection of cells whi^ have midergone 
homologous recombination using positively sdectable marker genes are ttansfectol and mserted 
into any cloned piece of genomic DNA Negatively selectable markers are ^^"^^^Tl^t!! 
the transfected piece of DNA, aUowing selection against random insertions mparalld with tiie 
sdection for ti« positively sdectable marker. Widi the^ and other ^^^^^^Z^^ 
feasible to mutatTthe mM doned gene by siteH?)edfic mutagenesis m ES cdls and thereby 
generate a mouse line with the desired mutation and functional deficiency.. 

O ne: Targeting Vectors . . • -.v 

Homolog^ recombination frequency is higher, when the gpne targeting vector is isogemc witii 
the ES alls and also increases maikedfy with increasing length of homology. Wifli tins m rmnd^ 
genomic clones are isolated that contain 3-5 kilobases (kb) of sequence homology on «ch side of 
titeintended HTM mutation except when the polymerase diain reaction (PCR) is used to screen 
for homologous teoomhiiiation. To make an niM knodtout or null mutation, a deletion is maj 
to tS riTM gene. foUowed by insertion of a positive selectable marker Irisertion aloi^ 
likely toallow some expression of the gene by aberrant tianscnption and/or translatioa The ITIM 
mution is made near the J • end of the gene, including ddetion of some m^ protem se 

SXive strategy is toddete the ATG. and the signal sequ»«. if Jh^fiJ 

ti« start site for inscription is known, this is also be ddeted. Sud, del^on of t«nsaW 

ttanslation. and secretion contt«l dements increases the duince of com^etdy f»*«»^^fP^«; 

of the desired protein. Hie positive sdection marker is then inserted m place of the ddeted 

segment 

The positive sdectable markers used confer resistance to G418 or to hygromydn B by repladng 
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the bacterial control sequences of the neomycm resistance (neo) or hygromycin resistance (hyg) 
genes, respectively, with eukaryotic control sequences. Both markers are expressed at many lod in 
ES cells when controlled by the mouse phosphoglycerate kinase (PC3C) promoter and 
polyadenylation signal. The engineered pMCI promoter the gene encoding hypoxanlhine-guanine 
phosphoribosyltiattsferase (HG PRT) 21 are also used suooessfidly in ES cells for ^ne targeting 

experiments 

To enrich for targeted versus random integration of the targeting vector, a positive-negative 
selection procedure is used which involves addition of a negative selectable marker at one or both 
ends of the taring vector. The negative marker is lost during homologous recombination but 
retained during random integration of the targeting vector. The negative selectable marker utilized 
is the herpes simplex vims tl^midine kinase gene (HSV-TK), which renders cells sensitive to 
ganciclovir. The HSV-TK gene works well under the control of either the pMCI promoter, or the 
PGK promoter. The same promoter are used for both selectable markers. To minimize random 
breaks between the positive and negative markers^ the distance between the positive and negative 
markers is less than S kb. The targeting vector has a unique restriction site to linearize before 
electroporation. Several vectors which have dght-cutter sites (e.g., NotI) in their polylinkers are 
used for the constructions. Screening for targeted cells by genoniic Southern blotting requires a 
probe that is outside the targeting vector. Screening for tai^;ieted cells PGR is also feasible. 

Specific Methodolofiv 
Embryonic Stem Cells (ESC) 

The ES cell lines: CCL2, CCE, D32' ABI, and JI are useful and are tested for germ line 
transmission by implanting them into blastocysts of a different coat color genotype. ES cell lines 
used are from the wild type (agouti) in colorl29/Sv strain. Injection into C57BL/6 recipient 
blastocysts produces chimeric mice with a mix of black and agouti (brown) coat color. If the ES 
cells contribute to the germ line, one expects agouti progeny because agouti is dominant over 
blade 

Embryonic stem cells are used at low passage numbers to maintain totipc^ncy and avoid 
differentiatiation and are maintained on embryonic fibroblast feeder cells axu2/or in the presence 
of a growth factor known as lJF(la]keinia inhibitory factor) or both. These feeders are prepared 
from an appropriate transgenic mouse line to contain genes for resistance to the positive selection 
drug (e.g., G418/neomycin, hygromycin). 

Reagents for Embryonic Stem Cell (}nlture 

ES ceU medium: One padcage of Dulbecco's modified Eagle's medium PMEM) powder [with 
glucose (4500 mg/liter), L-glutamine, and sodium pyruvate (Cat No. 56^99; JRH Biosciences. 
Lenexa, KS)J, 134.8 g, is made iq) to 10 liters, by adding 12.0 g of NaH(X>3 and 62.4 g of N-2- 
hydroxyetbylpiperazine-N*-2-cthanesulfonic add (HEPES). Adjust the pH to 7.5 with 10 JVNaOH 
prior to filtration. This is stable at 40 for at least 3 months. Supplement with fresh gtutamine 
(single-use aliquots of box stodc fiom GIBCQ-BRL, Gaither^mrg, MD) after 2 weeks. Once the 
following components have been added, use the medium within 2 weds: 360 ml of mediunu 65 
ml of highest quality fetal bovine serum [FBS; fiinal concentration, 15% (vA^)], 4.5 ml of 
nonessential amino adds (100 x stodc from GIBCO-BRLX 3 ml of 14.2M 2-niercaptoethanol, 45 
ml (final concentration, 1000 U/ml) of UF (ESCTO, GIBCOBRL) 

Feeder cell medmm : ES cell medium without extra components rfus 10% (v/v) fetal bovine serum 
(quality is less important) 
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Phosphate-faiffered saline (PBSV 0,8% (w/v) NaCI, 0.02% (w/v) KCI, 0.02% (w/v) KH2P04, 
0. 115% (wAr) Na,HP04 (pH 7.4) 

Ethvlenediaminetetraacetic add (EDTA): For 1 liter use 100 ml of 10 X PBS, 0,2 g of EDTA-Na, 
15 mg of phenol red (sodium salt), pH 7.2 

Trypsin-EDTA : 40 ml of EDTA stodc [0.02% (v/v) EDTA in PBS phis phenol red] plus 1 ml of 

2.5% (yv/y) trypsin (GIBCO); make fresh after 1 week 

HBS: 25 mM HETCS, 134 mM NaCI, 5 mM KCI, 0.7 mM Na^PO^, pH 7. 1 

Preparation of Mouse Embryonic Fibroblast Feeder Layers 

Preparation of Primary Mouse Fibroblast& For G418-resistant feeders, a transgenic mouse line 
containing a neomycin resistance gene (i.e., any knockout mouse line) is used Similarly, if 
faygromydn is used for selection, feeder cells with the hyg gene is prepared 
L A 14-day pi^gnant mouse is killed by cervical dislocation, and 70% ^hanol is liberally 
apfdied to the abdcnnea 

2. Using a pair of sdssors, cut the skin and body wall from genital area to front paws. Move 
the guts aside to expose the two uterine horns. The embryos will appear as bead-like bulges along 
the length of each uterine horn. Dissect the uterine horns by cutting below the ovaries, along the 
mesometrium and at the cervix. Rinse in sterile PBS. 

3. Cut the uterus between the anbryos to separate and rinse each embiyo in fresh PBS. 
Dissect one embryo at a time, using two pairs of watchmaker's forceps: remove fetal membranes 
and placenta, pinch off the head, remove the soft tissue (liver, heart, anything dark in color), and 
rinse the remaining embryo in fresh PBS. 

4. Place each emtoyo in a sepsiaXe petri dish and transfer, covered, to a tissue culture hood 
for tiypsinization. Aspirate PBS and mince tissue with two scalpels or^a fine curved pair of 
sdssors. Add 2 ml of trypsin-EDTA (fresh) to each dish and incubate at 37 forJmm. 

5. Add 8 ml of feeder cell medium to each dish and allow to settle in a conical tube for 2 
mm. 

6. Plate out each supernatant in one 10-cm tissue culture dish. Feed with fi^h medium after 
24 hr. Culture until confluent (about 1-2 days) in a standard tissue culture incubator 

7. Divide each dish into ten 10-cm dishes and culture until confluent (2 days). 

8. Trypsinize and lesuspend each dish in 1 ml of ice-cold freezing medium [feeder cell 
medhun, 20% W fetal bovine serum (FBS), 10% (vlv) dimethyl sulfoxide (DMS0)1. 

0 0 

9. Freeze 1 ml per vial and Store at -80 for 24 hr. For long-tcrm storage, store at -135 orin 
liquid nitrogen. 

Feeder Layers for Embryonic Stem Cells. 

6 

Mitotically inactivated (3,000 rads g irradiation) eml»yonic fibroblasts at 2.5 x 10 cells/lO-cm 
dish are used. To achieve a uniform monolayer of feeders, coat plates with 0.1% (wA^) gelatin 
(sterile) for at least 5 mm prior to plating and aspirate off. Feeders are either pre- or coplated with 
ES cells. If cqi^ating, or if no medium change is planned before addition of £S cells, spin feeders 
out of DMSO, as the ES cdls are sensitive to it. 

Routine Culture of Mouse Embryonic Stem Cells 

ES cells are cultured with afeeder layer. Mouse embryonic fibroblast feeders, at a density of 2.5 x 
lO^AO-cm plate, are suitsMe for up to 10 days in culture. ES cells are plated at relatively high 
density, 3 x 10 to 1 x 10 /10-cm dish. They grow rapidly, and divide every 18-24 hr. ES cell 
culture are fed daily with ES cell medium. The cells need to be passaged about every third day, 
and require a second feeding on the last day before passage. Generally, higher viability is achieved 
if the cells are refisd 2-3 hr prior to any trypsinization (for either passage or freezing). 

197 



Passaging Embryonic Stem Cells 

1. The medium is a^rateand and each plate rinsed once with the same volmne of 
prewannedl^S. 

2. For a, 10<m plate, 2 ml afprewamed trypsin-SDTA isadtoiand the plate is placed in 
an incubator for J min. until cells detadi on swirling the plate. 

3. Trypsin activity is stopped by adding 2 ml of ES medium. 

4 . Cells are disposed thorougWy with a Pa^eur pipette and tiansfered to a conical tube with 
an additional 6 ml of medium. 

5. The cells are spun for 2 mm at 500 ipm. This spinout of trypsin is important, as ES cells 
do not grow well in the presence of trypsin. 

6. The supernatant is removed by aspiration and rq)laced with 2 ml of &esh ES medium. 
Disperse the cells in this small volume first, by pipetting gently (to avoid bubbles, etc.) with a 
Pasteur pip^ 20 times. Thorough dispersal of ES cells is important, as aggregates are more 
likely to differentiate. 

7. The usual split is 1:6, but a more dense plate is often appropriate, for exami^ a low- 
density plate that has not been passaged in 3 days. The reason for the ^lit at this time, even 
though the plate is not confluent, is that the colonies need to be dispersed to prevent 
differentiation. 

Freezing and Thawing Embryonic Stem Cells. 

The ES are refed 2-3 hr ahead and trypsinized as usual until resuspension. They are frozen at high 
density; one confluent 10-cm dish can be frozen as sk 1-mi vials. ES cells are especialfy sensitive 
to DMSO toxicity, therefore exposure is minimized by resuspending cells (with thorough 
dispersal) in ice-cold medium without DMSO first, and then add an equal volume of 2 x freezing 
medium. For example, for one confluent 10-cm dish of ES cells: 

1. The pellet is resuspended in 3 ml of ice-cold ES medium with 20% (vA^) FBS. 

2. Ice-cold ES medium (3ml) with 20% (v/v) FBS, 20% (v/v) DMSO [final concentration, 
20% (v/v) FBS, 10% (v/v) DMSO] is added. 

3 The samples are kept on ice, arid aliquoted to six ciyovials. ^ ^ 
\^als are frozen slowly in a S^^oam container for 24 hr at -80 , then store at either -135 or in 
liquid nitrogen for long-term storagp. To use, ES cells are thawed ra^udly in a 37 water bath and 
quickly transferred to ice. The cells are spun out of DMSO in about 10 ml of ES medium, 
resuspended with thorough dispersal as for passaging and plated on feeders. 

Transfection of Embryonic Stem Cells bv Electrt)tx)ration 

1. Linear DNA is prepared by phenol-chloroform extraction and ethanolprecipitatioa Pellet 
is washed twice in 70% (v/v) ethanol at room ten^jeratore and vacuum dried DNA i s resuspended 
in sterile HBS and considered sterile for use in tissue culture. An aliquiM of the preparation 
ischecked for degradation by oonqiaring restriction maps of linearized and intact plasmid DNA 
with multiple restriction enzymes. 

2. Cells are split 1:6 as usual 1 or 2 days prior to electroporatioa Cells are fed daify and 
stains 2-3 hr prior to electroporatiort 

3. Cells are tiypsinized as usual but, on dispersal of cells, add about 10 ml of medium and 
return the plates to the incubator for 30 mm. This preplating allows about 90% of feeder cells to 
reattach and thus the cell suspension is further enriched for ES cells. Wash The cells are wasjed 
twiceinHBSandanaliqm^ofoellsisccmnted. ^ 

4. The cells are resuspended in ice-cold HEPES-bufifered saline (HBS) at 2.5 x 10 
cells/ml. Linearized DNA is added fiom a concentrated stock in sterile HBS to a final 
concentration of 25 mg/mL and placed on ice for 10 min. After mixing with a Pasteur {Bpette^ 
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cells plus DNA are transferred into an electroporation cuvette and kept on ice for 10 min. The 0.4- 
cm disposable cuvettes from Bio-Rad (Richmond, VA) and the Bio-Rad Gene Pulser are used f r 
electropoution. Each electroporation cuvette can hold 0.8 ml, equivalMit to 2x10 cells. 

5. Electroporate at 240 V, 5(M) mF with the Gene Poker (Bio-Rad) with a capacitance 
lender. 

6. The cells are allowed to rest for 10 mm at room temperature. Plate The ES cells are 
plated with, neo-resistant feeders (but no selection drags) at about 5-7x10 ES cells/lO-cm plate. 

Selection of Targeted Clones 

One to 1.5 d^s after electroporation, the cells arc fed daily with selection drugs until selection is 
complete (usually 7-8 days). Cell death is observed by 3-4 da^s after drag addition. 

Selection Medium: D issolve (in O.I M HEPES, pH 7.2) an appropriate weight ofG418 powder 
(Geneticin; GIBCO-BRL) to yield 200 mg of active drag per milliliter if P(JK-neo is in the 
targeting construct or to yield 150 mg of active drag per milliliter, if pMCI-neo is in the construct 
Filter sterilize before addition to complete the ES cell medium. For doidjle selection, add 
ganciclovir (Syntex Corp. , Palo Alto, CA) to a 2 mM final conc^uration by making a fresh 1 000 x 
(2 mM; stodc Dissolve 5.1 mg of ganciclovir powder in 10 ml of 0.1 A/ HEPES, pH 7.2. Filler 
sterilize and add to complete G418 medium to give a final concentration of 2 mA/. An alternative 
to gancyclovir is FIAU (Bristol Meyers Squibb, Wallingford, CT), which should be used at 0.2 
mM We routinely prepare the selection medium for a wlK)leexperin^ 
weeks. 

Culture medium is dianged to selection medium after 24-36 hr. One or two plates are grown in 
G418 medium only, and are used to calculate the number of neomydn-resistant colonies. Feed the 
plates every day. Cell death is visible at about 3-4 days of selection. The morphology of the 
colonies should be observed carefiiDy. Some large colonies start flattening. Qones are picked 
routinely at day 7 or 8 of selection before they start differentiating (but flattened colonies may still 
contain ES cells and could be pidced). . In the plates containing G418 only, the selection takes 
slightly longer. Plates are stained with Giemsa, and colonies counted on ds^r 10 of selection. 

Other Selection Measures 

The procedures given above are suitable for the most commonly used schemes involving the 
neomycin resistance gene as the positive selection marker and the HSV thymidine kinase gene as 
the negative selection marker! If HGFRT or hygromydn or puromydn resistance genes are used, 
the feeders are modified accordingly. One can either obtain a line of mice with the appropriate 
transgene or use a feeder cell line just during the time of selection. A line of STO cells resistant to 
both neomycin (G418) and hygromydn can also be used. Embiyoiuc stem cells can, aiKl probably 
shoul4 be returned to fibroblast feeders at the time ofpickirig the clones Selection for HGPRT is 
in standard medium plus HAT (0.1 mM faypoxanthiiK, 0.8 mM aminoi^n, and 20 mM 
thymidine). Hygromydn selection ranges from 100 to 150 mg/ ml and should be tested to 
d^ermine the effective dose for the ES cells. 

Picking Dmg-Resistant Embivonic Stem Cell Colonies 

Equipment Recniired: 

Microscope in a dissecting hood 

Sterile Pasteur pipettes that have been drawn out over flame 

Mouthpiece, with tubing and a disposable disk-type filter (0.45—0.8 mm pore size) 

Twelve-channel jHpettor 

Tisaie culture plates (96 and 24 wdl) 
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Pioette tins (oresterilized) in racks that fit 96-well plates 

S^^ta^teiv^U plates: Tl«se are assendjledlvp^^ 

of a 96-wdl rack ^ ,.j wax 

Clustered fieezing tubes in 96-wen plate fonnat (Costar, Cambndge, MA) 

Cton«T!>S^^ after 7 or 8 days of selection. Each clone is pi Aed into 
^1 of a 9S1I ptate that contains trypsin-EOTA. Uns is best performed m a ^o^ 
Each tiypsinized «)lony is then spUt into a single weU of duplicate 24-wdl plat^ so to 1 ^ 
can belSdfor freezing the colonies, and the other for DNA extraction for Southen. b^or PCR 
analysis. THe transfer of cells between 96-«eU plates and 24.«ell plat« is «=««"^^r* ' 
12<hannel pipettor, which has pipette tips in alternating channels. n>JS allows the ttanrfo- of 
clones 1, 3, 5. 7. 9. and 1 1 from a 96-weU plate into wells 1, 2, 3,4. 5, and 6 of a 24-well plate. 

I^'''^Sl^on^lStSfer2-3 hr before picking colonics. The number of colonies to be 
picked is estimated, and 24-weU plates with mouse embryonic feeder cells (2 x 10 feeder 
cells/^Jate. Lc.. about 10*/weU with 0.5 ml of complete medium) are prepared. Each colony is 
split in h^. into wells of duplicate 24-weU plates ^ 

2. A sdection plate is washed once with sterile PBS at 37 and replaced with 10 ml of the 

same. . , . 

3. 60 mlAveU of trypsin-EDTA at 37 is placed in 1 row of a 96-well plate Colomes are 
picked in groups of 12 (one row), and the trypsin-EDTA is maintained at 37 . Colonies should be 
nicked aiilyiaiMdly, so that a group of 12 takes about 5 mm. 

4 Individual clones are picked by tearing each away firom the surrounding feeder cells, 
using a ripping/tearing motion, and drawing each gently into the pipette. Before ^n»aching a 
colony partially fill a Pasteur pipette with PBS from the plate to prevent sttckmg of the colo^to 
the gSssThe volume of PBS aspirated should be small, but enough to prevent the colony from 

f^^^^Each clone is transferred to a weU of the 96-weU plate containing trypsin-EDTA. 

6 Six pipette tips are connected to the multichannel pipettor (channels 1. 3. 5, 7, 9, and 11) 
akd dones 1. 3. 5, 7.9, and 11 are dispersed by pipetting up and down sev«al times with the 
multipipettor. Transfer 30 ml prepare of each ceU suspension to the first row of one M-weU ptote 
(prepared above) and the remaining 30 ml to the first row of the duplicate 24-weU plate. Then 
aspasedoncs2.4.6. 8, 10. and 12 in the same manner and split then into the second row of each 

24-well plate. . . . u cu^oa. 

7 Alternatively, the trypsin is stopped after picking 12 colomes, m the first row rft^^ 

weU plate by adding 60 ml of comptoe medium and dispersing the cells. One can then proceed to 
picking the next 12 colonies into the second row. This is most helpful when the setecOon plates 
contain more than 12 colonies. . 

8 Thecdlsarefedassoonas possiljle (e.g. .the next morning is soon enough) as they do not 
giow as weU with trypsin present Cells are fed daily, witii 0.5 ml of complete medium. 

^'^"'^SfSXSe 24.weU plates for freezing is used. Cells are frozen when maiqr of 
the wells are subconfluent. even if some clones are still sparse. This is important to ensure that tiie 
majority of the colonies have mrt grown too large and begun to differentiate. Cells are frozeti. at 
this stage only, in 10% (v/v)DMSO. fetal calfscrum, and trypsin-EDTA. For this relatively short- 
term storage, the tiypsin-EDTA does not qjpear to harm the cdls. 
2. The cells are fbd 2-3 hr before freezing. 

200 



3. Place 120 ml of ice-cold 20% (v/v) DMSO80% (vA^) FCS in each Costar cluster tube and 
maintain on ice. [ 

4. The cells are washed with wsxm PBS and tiypdnize with 60 ml of pre-warmed trypsin- 

0 

EDTAfor5mmat37 

5. The plate are moved to ice and add 180 ml of ioe-cold ECS to each well. Thccellsare 
dispersed by pipetting up and down with six tips on the multichannel pipettor. Make Two frozen 
vials of each clone are prepared by transferring 120 ml of the suspension (clones 1-6) into one 
cluster tube (tubes 1, 3, 5, 7, 9, 1 1) and the remaining 120 mlinlo the ndgjiboring tube in the same 
row (tubes 2, 4, 6, 8, 10, and 12). Thus, each row of clustered tubes corresponds to each row of the 
24-well plates. ^ 

6. To freeze The cells slowly, wrap the cluster tube rack in paper to^ for 
about Ihr, then transfer to -70 .The cluster tube racks are maintained at -70 until positive plones 
are identified. 

DNA Isolation jfor Genomic Southern Blot Analysis 

1 . Clones are grown until most are confluent. High-quality DNA can be extracted even fixmi 
overgrown clones. 

2. Wells are washed with PBS, 200 ml of lysis buflfer are added to each well, and incubated 

0 

at37 for 30 nun. Plates are stored frozen at this point 

Lysis buffer 150 mM NaCl, 20 mM Tris (pH 7.5), 5 mM EDTA. 0.5% (w/v) sodium dodecyl 
sulMe (SDS), iffoteinase K (0.25 tag/ad) (stored frozen as single-use aliquots at 20 mg^ml; add to 
bufifer just before use). 

3. Lysates are transferred to 1.5-ml tubes. Racks are arranged to fit the format of a 24-wcll 
plate so that a 12-channel pipettor can be used to process the samples through all the st^. 

4. Extract with an equal volume of phenol-chloroform. Vortex, spin, and take out the 
oi^ganic phase using a 12-chaimel pipettor. 

5. Extract with chloroform-isoamyl alcohol 

6. Transfer the aqueous phase to clean tubes and precipitate with 20 ml of 3 M sodium 

0 

ac^te (pH 5.2) and 0.5 ml of ethanol, at -20 for 30 miiL 

7. The peUets are resuspcnded in 10 mM Tiis-HCl (pH 8.0), 1 mM EDTA (TE). The 
precipitation is repeated as described above, the pellets are dried^ and resuspended in TE. To 

dissolve DNA, leave at room temperature for several hours or at 65 for 15 mitu A confluent well 
fiom a 24-well plate yields approximately 10 mg of genomic DNA One-half or one-third of each 
sample is used to digest with restriction enzymes. To aid in comply digestion, a relatively large 
(100 ml) volume is used and allowed to proceed overnight. The digests can then be precipitated or 
reduced in volume in a Speed- Vac (Savant, Hicksville, NY) before loading on a gel . 

Polymerase Chain Reaction Screen <tf Embryonic Stem Cdl Clones 

An alternative to the Southern blotting screen described above is to use the PCR, which is done on 
pools of clones. Characterization of ES cell clones by PCR in pools of 12 (Wot analysis of PCR 
products is usually requirecO is performed as folows. Clones are maintained in culture during this 
quick initial screeiL Ft)sitive pools are rescreened as iizdividual clones by PCR, and subsequoidy 
confirmed by genomic blot analysis. A PCR primer is characterized that is within the targeting 
vector (iKually in the positive selection marker) and another in genomic DNA outside the targeting 
vector. These primers are tested for their lowest detection Umit and extent of cross-homology. To 
ensure reliable an^dification in small amounts of genomic DNA, the an:^>lification distance is only 
about 1 Id). This linuts the hoinolc^ with the locus to be targ^ that is incl^^ 
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vector and thus decreases targding frequency. 



1. Drug-resistant colonies are picked by the procedures described above, except allow 
colonies to settle overnight in 96-well dishes with feeders. Each colony is ^lit into two 96-weU 
dishes by trypsinization of the attached cells. One dish is for PCR analysis and the ther is 
expanded Each dish has a feeder cells and 0.2 ml of medium. Using a multi-channel pipettor, 
routine tiypsinization is performed using no more than 50 mlof tiypsin-EDTA. After thorough but 
gentle dispersal of cells» 25 ml is transferred to each 96-wen dish with 0.2 ml of medium per well. 
The cells are still in dilute trypsin but can tolerate it ovOTight, which is enough time to settle. 
Refeed after 12 hr. 

2. One to 2 days after the initial split, the cells are trysinized from 1 of the duplicate 96- 
well dishes as usual, but do not add medium with serum. 

3. Samples are combined by row (12 wells/pool) by dispersing in tiypsin-EDTA, followed 
by a rinse with PBS. Microfuge the pools for 3 min. to spin down the cells. 

4. All but 5 mlof supernatant is removed and the pellet resuspended in 50 ml of water and 
frozen on dry ice. 

5. Cells are thawed at 95 for 8 mm and cool. 10 mgofproteinaseK(ft€sh aliquot) is added 

, incubated at 55 for30mm.and incubated at 95 for S min. and cooled 

6. Conqx>nents for a standard 100-ml PCR reaction are added 20 ml of each PCR reaction is 
run on an agarose gel and blot (various quick-blot procedures are adequate). Probe with subclone 
of partial ami^cation product 

7. The remainder of each done is e?q>anded by continued culturing until the results of 
pooled PCR analysis are complete and fed d^. 

8. Once the PCR results are in, all clones are individually passed within each positive pool 
to a 24-well plate with feeders. One-half of each sample is saved for PCR analysis as an 
individual done. 

9. The cells are fed daily. After 3 days, once the PCR analysis of dones is complete, each 
positive done is i^aced on a 35- or 60-rmn plate with feeders to expand for fiteezing (see below). 
Feed daily. 

Thawing and Expanding Targeted Clones ^ 

For each positive clone, thaw one of the cluster tubes rapidly in a 37 water bath, then cool on ice. 
Do not spin. Plate on a 35-mm plate with feeder cells (4 x 10 feeder cdls per plate) in 2 ml of 
complete medium. Feed after 12 hr. At this point, cells are cultured in normal medium without 
G418; it has been rqxmed that cells maintained in G418 have a lower capadty to contribute to the 
germ line of injected embryos. Depending on the density of each done, split up to 1 : 6. Freeze as 
soon as possible in small aliquots. Freeze enough aliquots for one aliquot per day of blastocyst 
injection. A suboonfluent 60-mm plate can be frozen as eight 250 ml aliquots, in 90% (vN) FCS 
and 10% (v/v) DMSO. Such an aliquot can be i^ated directly after thawing into one or two 35-mm 
l^ates with feeder oells» 2 days before injection. 

Further Characterization of Targeted Clones 

Iteitive dottes detected by the above procedures are retested using several different restriction 
enzyme digestions to ensure ai^nx)priate insertion of the sdectable marker into the locus; both 
flanks of the insertion are checked. To determine if targeted clones have any additional insertions 
of the targeting vector, DN A is tested with a probe containing the neo gene. Only a single bond at 
the expected size is detected after long exposure. A fiirther simple chedc of the condition of 
targeted cdls is to count chromosomes: 

1. A rapidly growing culture is treated with Colcemid (0.06 mg/ml) for 4 hr. 
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2. Cells are tiypsinized , washed in HBS, and combined with washed cells from culture 
supernatant. 

3. The cells axe resuspended in 10 ml of 0.56% (w/v) KCl, incubated at room temperature 
for 8 mia and sixm at 300 rpm for 2 miit at room temperature. 

4. All but 100 ml of a^matant is removed and the cells resuspended 10 ml of fixative 
(3:1 (vA^X methanol-gladal acetic add) is added dropwise and incubated for 10 mm. 

5. The cells axe spun and resuspended in 1 ml of fixative. 

6. The cells are dropped , &om a height of 10 cm, onto glass slides (2-3 drops per slide, 
cleaned with ethanol and dried). After the liquid has spread to the cdgps of each slide, blow dry. 

7. After they are compl^ely air dried, stain the slides for 15 min. in 3% (w/v) Giemsa in 
PBS, wash in water and air dry. 

8. To count chromosomes is to photograph the slide on print film so that counted 
chromosomes can be marked. At least 30 spreads/clone are counted At least 50% of the ^reads 
have 40 dirom<somes. Watch out for spreads with too many chromosomes as well as those 
laddiig chromosomes. 

Generation and Breeding of Chimeric Mice 

The animal and equipment requirements and procedures for generating chimeric mice fay injection 
of ES cells into blastocysts is as follows. C57BL/6 mice axe used as embryo donors and strain CD 1 
as foster mothers. Contribution of embryonic stem cells, which arc derived fix>m strain 129/Sv 
mice and have agouti coat color, is clearly evident in contrast to the black coat color of the donor 
embryo. 

The following procedure yields healthy ES cells as a single-cell suspension. Two days prior to 
blastocyst injection, one of the frozen aliquots [90% (vA^) serum, 10% {vN) DMSO] is thawed 
rapidly in a 37 water bath and plated directly into two 35-mm dishes with feeder cells (4 x 10 
feeders per plate). The medium is replaced the next morning, daily, and 2 hr before trypsinization. 
One plate is trypsinized at the beginning of an injection session and the second about 3 hr later, in 
fteshly prepared 0.25% (v/v) trypsin (GXBCO-BRL) 0.02% (v/v) EDTA in PBS at 37 for 5 mm. 
Cells are gently dispersed after adding an equal volume of ES cell medium and pellet. Cells gently 
resuspeiKled (by drawing them in and out of a Pasteur iripette 20 ti^ 
medium and on ice until transfer to the injection chamber. 

General guidelines for blastocyst injection: The procedure requires an inverted microscope with 
interference'<x>ntra5t or phase-contrast objectives. The magnification range required is x 40 to x 
200. The injection microscope is equipped with a cooling stage (blastocysts are more resilient to 
the injection proceduie when they are kejrt at 5-10 ). A pair of micromanipulators is used one for 
the holding pipette and one for the injection pipette. The manipulators from Leitz Instruments are 
e^sedally usdul. Flow in e^h pipette is r^ulated by hand» using a micrometer to adjust a 
Hamilton syringe. To obtain donor embryos, a stereo dissecting microscope (total magnification^ x 
20) is required for flushing blastocysts firom the uterus and collecting them for culture. B lastocysts 
are cultured in a tissue culture dish, in mictodrops of medium under light-weight paraffin oil, in 
5% C02 in air at 37 During an injection session, several small batches of blastocysts are 
transferred from culture to the injection chamber with trypsinized ES cells. The easiest blastocysts 
to inject are those that have expanded fully but Imve not yet hatched from the zona pellucida. 
Loachng ES cells into the injection pipette is done with care so as not to damage the cells. The 
injection pipette is just large enough to accommodate the ES cells» but not much larg^, because 
damage to the blastocyst would be more likely to occur. Each blastocyst is injected with 1 5-20 ES 
ceUs. After injection, the blastocysts are returned to culture fiH^ at least 1 hr before surgical transfer 
to a pseuctopiegnant female. The surgery is performed on the bench with general anesthesia, using 
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a steieo dissecting microscope. Each female receives 10-12 blastocysts; mtinjected blastocysts are 
transferred along with injected ones, to help prevent complications in the pregnancy due to small 
litter size. 

Chimeric animals are monitored by coat color. The 129/Sv-derived ES cells give rise to an agouti 
(brown) coat isiiereas the recipient C57EU6 embryos produce black coat color. Desirable 
chimeras have a high prc^rtion of brown coat To determine if targeted ES cells have contributed 
to the germ line of chimeric mice, male chimeras are bred with €576176 females. Agouti pups are 
the result of ES cell-derived sperm. If the targ^ed mutation is heteroz^us viable, then one-half 
of the agouti pups will cany the targeted allele . However, if none of the chimeras derived fiom a 
giv^ ES cell clone has high coat color chimerism then germ line transmission is unlikely. EHscard 
chimeras if none of the first 60 paps contains the targeted allele and, because most ES clones give 
chimeras of which around 50% give germ line transmission, we would discard a clone if none of 
the first 5 or 6 diimeras gives agouti pups. 

It is necessary to obtain germ line transmission from at least two independently derived ES cell 
clones in order to ensure that any pbenotype of the resulting mice arises fiom the targeted 
mutation and not from some other mutation that occurred during handling of the ES cells. 

Gen(m^g Mice: Tail Blots and Polymerase Chain Reaction Analysis 
Genomic DNA, isolated fiom tail biopsies, is analyzed by either Southern blot or PCR. Generally, 
mice must be at least 3 weeks dd to tolerate the general anesthesia used in cutting the tail. With a 
fireshTazorlriade,cuta l<m length from the tip ofthe tail and cauterize the remaining tail with a 
soldering iron. DNA is isolated by a simj^ifred procedure that is amenable to large numbers of 
DNA samj^es. Transfer the tail biopsy to a 1.5-ml tube that contains 0.5 ml of tail lysis buffer 100 
mM Tris-HCl (pH 8.5), 5 mM EDTA, 0.2% (wM SDS. 200 mM NaCl, proteinase K (100 m^^ml) 

(Boehringer Nfarmheim, ItKlianapolis, IN). Continuously rotate the samples overnight at 55 and 
Vortex the tubes, and spin down hairs and tissue debris in a microfuge for 5-10 mm. Transfer the 
supernatant to a fresh tube containing 0.5 ml of 2-propanol and mix thoroughly. Recover the 
precipitate with a pUpsOe tip and transfer to a fresh tube contaming 100 ml of 10 mM Tris-HCl, 0. 1 

0 

mM EDTA, pH 7.5. Make certain that DNA is dissolved by incubation at 37 with intermittent 
vortexing. 

To analyze tail DNA by Southern triot, a single^copy probe that hybridizes with wild-type and 
targeted alleles is reqpiired. Generally such a probe has already been characterized for use during 
screening for targjcted ES cdls. Generally 15 ml of DNA prepared as above is sufiSdent for one 
lane of a Southern blot. Restriction digestion should be carried out in a final volume of at least 50 
ml, with at least 40 units of enzyme and in the presence of bovine serum albumin (BSA; 0.1 
mg^ml) and 4 mM qsermicide. Digestions usually require several hours to overnight for 
completion. If the DNA does not digest well, a phenol-chlorofrnm extraction followed by 
repredpitation is likely to help. A variety of standard trotting procedures suitable for genomic 
DNA can be used. Capillary blotting to a nylon membrane, ultraviolet (UV) cross-linking, and 

0 

hybridization in sodium phosptote and SDS at 65 workwell. 

As an alternative, PCR amplification of unpurified tail DNA using ^y r op r i atc PCR primers can 
beused. Tafl (5-10 mm) is added to 0.4 ml of PCR tail buffer 150 mMKCI, 10mMTris-Ha(pH 
8.3), 2.5 mM Mg(32, gelatin (O.l mgtol), 0.45% (wh) Nonidet P-40 (NP-40), 0.45% (w^) 

0 

Tween 20]. Incubate overnight at 55 with shaking and with ackiition of two 25 ml aliquots of 

0 

proteinase K( 10 mg/ml) added at an interval of several hours. Heat at 95 for 10 mm to denature 
residual proteins, cool to room tenq)eiature, and spin. Five microliters of each DNA sample should 
give definitive ethi dium bromide signals after PCR amptificatton with primers for each allele. 
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To analyze DNA by PGR, primer pairs are designed that indicate the presence of the wild-type 
allele versus the tai^eted allele. TTiis is acconq)lished as follows: First, both alleles are assayed by 
a set of three primers, one of which is within the rteo gjene, as described in Polymerase Chain 
Reaction Screen of Embryonic Stem Cell Clones, above. Alternatively, separate primer pairs are 
used to assay the alleles:one pair within the neo gene> and the other pair in the wild-type gene. In 
both these strat^es, designing primers that yidd amplification products of different sizes allows 
detection of both alleles in a single reaction tube and gel lane. Care is taken not to contaminate 
reagents with an^)lification products. Organization of reagents into sing;ie-use aliquots is hi£^ 
recommended. 

Generation of Homozygptes 

To determine if homozygous mutant animals are viable, heterozygous crosses are performed and 
all pups genotyped at weaning. The expected 1:2:1 ratio of geno^pes, or lack of it, becomes 
evident in three to four litters. However, genotype ratios are kept for all heterozygous aosses 
performed Ideally, mice derived from two or three independent targeted clones arc available. 
Heterozygous crosses is carried out for each targeted done, as well as between clones. The 
interdonal crosses show that any phenotype is the result of the targeted mutation rather than some 
other mutation occurring in the ES cell clone. 

For a homozygous viable mutation, the nsxtyjb is to show that the targeted mutation is truly a null 
allele. Procedures will depend on the gene/protein of interest This has been performed quite 
thoroughly far the tenasdn-deficient mice and for P-selectiiwle£Lcient mice at both the mRN A and 
protdn levd. 

Example 53 

Animal Models of Infectious Diseases: Testing Superantigen-NTLB Conjugates . Anti-Sense 
Oiigonucteotides & Gene Knockout Mice & Cells Deleted of Inhibitory Receptors for Infectious 

Disease Associated Antigens (IRLAs) and/or ITTMs or ITAMs 
Abbreviations : lRLA=Inhibitoiy Receptor for Infectious IMsease Assodated Antigens, 
NTLB=Lipid-Based Non-Tumor (Infectious Disease) Assodated Antigens, IRSAs==Inhibitory 
Recq>tor for Superantigens, IRLBT=Inhibitory Receptors for Lipid-based Tumor Associated 
Antigms. 
'Htbcrculosis 
Animal spedes 

C57 BL/6 mice are used. These mice are natural4dller-oell-defident. Bdge mice are infected with 
many of the nontuberculous mycobacteria: MAC, M kansasii, M simiac, malmoense and A/. 
genavense. Same-sex mice 5-7 weeks old are allowed to acclimate for 1 wedc in the facility 
before bdng used They are housed in micrdsolator units (lab products, M^rwood, NJ) and are 
randomly distributed six to a group. 

Inoculum and Infection Process: 

Primary cultures of MAC (iV/. iton^osri or other oQ^bacteria) to be used for infection are obt^^ 
horn dinical isolates of patients with disseminated MAC infection, or the American lype Chilture 
CoUection (ATCC). ATCC 49602 (serotype 1) strain LPR and MAC 101 (provided by Lowell 
Young. California Pacific Medical Center Research Institute, San Francisco, CA) arc used. 
Organisms are grown in modified 7H10 broth (7H10 agar formulation with agar and malachite 
green omitted), pH 6.6, with 10% (vol Aol.) Middlcbrook oleic-add— albumin-<lfixtrDse-catalase 
(OADC) enrichment (Difco Laboratories, D^t, MI) and 0.05% (volivoL) Twecn 80 (Sigma, St 
Louis, MO). Broth cultures are started from one transparent, smooth, flat colony (SmT) grown on 
an agar plate. The culture tube is placed in an orbital shaker and incubated at 37 C for i-5 days. 
Culture suspensions arc predorminately (>95%) of the smooth, transparent, and flat (SmT) 
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phenotype which is more virulent and more resistant to antinxyoobacterial agents than the smooth, 
domed, opaque (SmD) or rough phenotypes. After incuhati n, the culture is diluted in 7H10 broth 
to a concentration of 10 Klett units/ml (Manostat colorimeter, Manostat, New York, NY) or 
approximately 5 x 10 cfu/ml. The inoculum is titrated in triplicate on 7H10 agar irfates (Difco) 
supplemented with 5% (volTvoL). Middlebrook OADC enrichment Plates are taped with 
Blenderra® (3M, St Paul. MS), incubated for 2-3 weeks at 37 C, and then counted to determine 
the precise inoculuitL 

Treatment Schedule and Controls 

The iMcferred model is to oqpose mice to a very low inoculum of badUi using an aerosol 
generation chamber. After uptake of about 50 bacilli in the lungs the infection grows progressively 
at first and is then curtailed around 20 days. Laboratory strains such as Erdman attain 4-5 logs in 
the lungs by this time: more virulent strains such as CSU93 (Tennessee outbreak) and strabn W 
(New York) can grow to b^ween 6 and 7 logs in this time. 

The hig)i-dose intraveiunis imxiels are also employed. Most of the inoculum is taken up by 
phagocytes in the spleen and liver and only 1-2% can be detected in the lungs. This then grows 
progressively for 10-15 days in the spleen, and to a lesser extent in the liver, until acquired 
irmmmity comes into play, resulting in a "chronic" disease pattern. Thus, the construct under test 
is given soon after iiuxnilation or after the disease has become chronic, which more closely 
resembles the human condition as the patient is probably at this stage before diagnosis is first 
made. 

For iv use the inoculum is injected in a (1 . 2 ml volume using a 0 . 5 ml syringe with an attached 28 
G 0.5 iiL needle to deliver a total of approximately 10 cfti/mouse. Each e?q)eriment consists of an 
early control (sacrificed 1 week postinfection at the initiation of therapy) and a late control 
(sacrificed at Uie end of tbsrapy) group, neither of which receives any treatment. One treatment 
group consists of a drug known to have activity (e.g. azithron^dn or clarirhromycin). Treatment 
is started 7 days postinfection and is generally continued for 10 days in succession. In extended 
therapy experiments, treatment is given daily (Mon-Fri) for 4 or more weeks. 

Mice are weighed at the beginning and end of each experiment, and averaged by groi^. Mice are 
evaluated daily and changes in appearance or behaviour are noted. In general, infected mice 
^jpear outwardly well, and continue to gain weight with these infections. There have been some 
exceptions where the infected control animals have succumbed to the infection. Untreated mice 
develop splenomegaly, hepatomegaly (with visible lesions), and enlarged lungs. Enlargement of 
the spleen, although minimal, is evident at 1 week postinfection (average weight 0.12-0.I4g) and 
continues to increase for the duration of the experiment (average weight 0.65-O.80g at 18-20 days 
postinfection). After 1 week of infection, the usual organ cell counts in the lungs of early control 
mice (4.5 log) is significantly less than that in the spleen (7 log). The late control mice (19 days 
postinfection) average 6 log and 7. 8 log du in thdr lungs and spleens respectively. 

At the completion of the expernnent (2 days after the end of the treatment phase), mice are 
euthanized using CX>2 inhalation. Their spleens and right lungs are aseptically r^noved. Spleens 
are placed in preweighed tubes to determine their weight Each organ is placed in a grinding 
assembly containing saline with 0.09% (vol/vol.) Tween 80 and each sample is ground and 
allowed to sit fijr 1 5 nun to allow for settling of aerosols. The tops of the grim^ assemblies are 
removed and an aliquot is removed. Dilations are made to the af^ropriate concentrations for 
plating using tubes containing double-distilled H,0 (to promote red blood cell lysis) with 0.09% 
(voL/voL) Tween 80. 

Spleen weights are used to estimate dilutions for the plating of the homogenate. Large spleens, 
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such as those belonging to members of the late control group, are heavily infected and need to be 
diluted. The lungs are less infected than the spleens in this model and usually require 10-100 
times less dilutioa Each organ is plated at three different dilutions on 7H10 agar (Difco) plates 
containing 5% OADC enrichment Plates are incubated for 2-3 weeks and counted to determine 
viable cell counts, which are expressed as counts/organ. 

Key Parameters to Monitor Infection and Response to Treatment 

Mice show some or all of the following signs of infection: a hunched posture with or without 
difficulty ambulating, isolation from the rest of the group in their cage> labored breathing, and 
shivering, lack of eating and/or drinking and diarrhea. 

Upon introduction of a new agent, mice are monitored initially and during the first hour for any 
indications of pain or ibscomfon, allergic reaction or swelling. During the first 3 days of thjsrapy, 
the mice are monitored at least twice daily to note their general zppesamcc. Any injection site is 
inspected for swelling or irritation. The general condition of the animals is careiiilly noted Mice 
having an acute reaction are euthanized immediately and the therapy should be reevaluated. 

Therapeutic Rcdmen and Treatment Schedule 

Therapy is begun 7 days postinfection. Determination of the spleen and limg viable cell counts is 
done several days after the oon:q>letion of therapy. Although daily treatment for 10 days allows for 
differentiation of relative activities, longer treatment periods (4-12 weeks) are useful to 
characterize efficacy. 

The therapeutic constructs are started on day 20 (when tiie fiist becomes DTH-positive) and 
continued 2-3 time weekly for four weeks. Bacterial loads arc determined at 35 and 50 days. 
Isoniazid (25 mg/kg^day) is given as the positive control in each assay. 

Outcome 

Treated animals show elimination and/or reduction of viable organisms in the ^leens and lungs or 
spleen weights of therapy groups in comparison to those in the spleens and lungs of the control 
(infected, but untreated) groups. These differences are statistically significant using the Wilcoxin 
rank test or other statistical method known in the art Additional con^iarison is made between the 
ther^ groups and the gnn^ given a standard ther^ such as claritluomycin or azithromycin. 

Leishmaniasis 
Animals: 

Mice are preferred species and B ALB/c is the preferred strain 
Infection Procedure 

In the mouse model, the intravenous route of infection is used to give the quidcest and most 
reproduciUe infection in the liver, spleeen and bone rnarrow.. Prior to infection, mice are warmed 
in a cage by a light or wann' water to raise the tail veins. The inoculum of parasites, either 
amastigote or promastigotes, is loaded into a 1 ml syringe fitted with a 23G 11/2 needle. For 

experimental infection, an inoculum of 10 amastigotes in a volume of 0.1 to 0.2 ml is injected 
intravenously in mice and by the intracardiac route in hamsters. This will produce a 
microscopically detectable infection in the liver of mice and liver and spleen of hamster after 1 
week of infectioa This level is suitable for tests of the constructs given herein. 

Administration of Therapeutic Constructs 

Therapeutic constructs are administered to mice by a variety of routes (s.c., ip. and p.o.) and for 
some formulations i.v. administration fay the tail vein is required In the mouse model treatment is 
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best evaluated against an established infection on days 7-1 1 post-infection. If a lower infection 
inoculum is used, tests can be carried out on days 14-18 post-infection. In the commonly used 
BALB/c mouse the infecti n in the liver increases linearly until days 21-28 following infection by 
10 amastigotes or promastigotes; after this point the liver infection becomes chronic and 
eventually cure. The spleen infection, although microscoiMcally detectable from week 1, is fully 
established after the 4th week of infection. If the infection is left for several weeks prior to 
treatment, then chronic granulomatous infection is e^ablished which has been shown to be less 
sensitive to standard drugs. 

In an alternative apptoadti using the mouse model, treatment with constructs is started immediately 
after infeclioa A 5-day course of treatment is sufficient to determine relative potencies of the 
constructs. 

Outcome 

In the early stages of infection VL in mice presents no obvious external symptoms. Extra mice or 
hamsters are infected and sacrificed prior to administering the conjugates to check that the 
infection is established. Microscopical examination of stained slides prepared from the liver and/or 
spleen of rodents will indicate whether the inoculum was satisfactory and that infection has been 
established. The appearance of hamsters does change in the later stages of infectioa The most 
noticeable features are loss in weight and dulling of the hair. Occasionally hamsters may develop 
ascites. These clinical changes in the untreated controls are contrasted with changes in the treated 
po{nilatiott The treated groups show none of these dianges in the course of therapy. 

At the end of treatment the mice are weighed to give an estimation of dmg toxicity. The livers and 
spleens are removed from freshly sacrificed animals and weighed. Smears are prepared from the 
livers and spleens on microscope slides, fixed in methanol for I minute and stained with Giemsa 
stain for 45 minutes. The number of parasites/500 liver and/or spleen cells is determined 
microscopically for each experimental animal. This figure is multiplied by total organ weight (mg) 
and this figure, the Leishman-Donovan unit (LDU) is used as the basis for calculating the 
difference in parasite load between treated and untreated animals. Treated animals show complete 
elimination or reduction in the number of parasites/500 liver and/or spleen cells. The difference in 
parasite loaded between the treated and control groups is ^atistically significant using the 
Wilcoxin rank test. The activity of novel compounds is compared with that of the standard 
antimonial drugs and expressed as a therapeutic ratio. 

Trypanosoma Cnizi 

Chagas infection has been observed in different mammal species. Several animal models have 
been used experimentally such as mice, hamsters, dogs, rats, rabbits and monkeys. The course of 
the Tcruzi infection varies widely between those laboratory animals, depending upon the host and 
parasite strains used, the route of inoculation and the size of the inoculum. 

Mouse Model 

Most studies used the mouse model because it is cheaper, easy to work with and it can produce 
both the acute and chronic phase of the disease. Various mice strains differ markedly in their 
resistance to rcnj27. More resistant strairtsinightpiovidea good modd for the cfarorii^ At 
this stage, the murine model of Chagas' disease is used in experimental therapy. Several strains of 
mice have been used in this model: Swiss, weight 18-20g, female; BaOs/c, 8-10 weeks, female; 
albino, weight 18-20g male. Preliminary experiments are performed to determine the optimal 
parasite inocula to insure infection. 



The parasites are maintained by serial passage through female C3H/He mice, which is a resistant 
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strain. Mice with parasitemia are bled into heparinized (lOOO UA) phosphate-buffered saline 
(50:50) and ctyopreserved. 

Hamster model 

Hamsters (non-isogenic Syrian hamsters, Mesocricetus auratus, male/female) are infected with T 
cruzi. During the acute phase an inflammatory reaction is observed charactenzed by mononuclear 
and polymorphous leukocyte infiltration of variable degree in the nwyority of tissues and org^. 
In the chronic phase the same kind of lesions can be observed, but the inflammatory process is less 
severe and characterized by mononuclear infiltration in the myocardium (Ramirezetat., 1994). The 
authors noted high levels of parasitemia in the beginning of the infection, which varied with the 
strainused. 

• 

Parasite Strain & Stages of Disease 

Dififerent parasitic strains behave quite diffeiendy in e?q)erimentai Chag^' disease with regard to 
characteristics such as the course of infection, the degree of parasitemia, tissue tropisms, 
histopathological changes and mortality. Several strains of T cruzi have been used in different 
animk model and include Y Emane, Benedito and Vicentina Strains of T cruzi, from different 
geographical areas, had previously been characterized into various types according to their 
infectivity rate and tiopism in mice. The classification includes the following: 

1. Type I, characterized by a rapid course of infection in mice, high levels of parasitemia 
and mortality around the 9th and 10th day of infection, with predominance of slender forms and 
macrophage tropism during the acute phase of the infectiort 

2. Type II shows increasing parasitemia from the 12th to the 20th day of infection, low 
mortality rate,.predominance of broad forms of the parasite and myocardial tropism. 

3. Type III shows a slow development of parasitemia that reaches a hi^ level 20-30 days 
after inoculation, low mortality and predominance of parasitism in skeletal muscles. 

Inoculation & Infection Process 

3 7 

The inoculum range is usually from 1 x 10 to 1 x 10 trypomasti^tes (detained from infected 

3 

animals) or 2-4 x 10 metacyclic trypomastigotes (obtained from triatomid bugs). Acceptable 
inoculation routes are intraperitoneal and conjunctival. Mice weighing lS-20g are iiKxnilated by 
the intraperitoneal route with 5 x 10 -1 x 10 trypomastigotes which produces a homogeneous 
infecdon. Daily trypanosome counts provide the following pattern for the parasitemia: parasites 
appear from the 4th or 5th day after irKxnilation, their rmmber decreases markedly on the 6th day, 
increases until the 7th or 8th d^, and decreases again around the 9th day. From the 10th day 
onwards the pattern of parasitemia is irregular. Most infected animals die in the period from the 
5th to the 20th day after inoculation; the highest mortality rates are observed around the 1 5th day. 
Mortality rates are about the same for both sexes artd only a small number of infected animals will 
outlive 40 days. 

The administration of constructs begins on the d^ after inoculation and doses corresponding to 
about one-fifth of the LD50 are given for 10 consecutive days. On the 5th day after inoculation the 
number ofparasites in 5mm ofblood is determined. On the Rth day, when the number of parasites 
in the inoculated animals is generally higher, a new count is performed. 

Outcome 

The best initial criteria for ther^>^c activity in the e?q)erimental 

parasitemia. Parasitemia is usually high with little variation, depending on the strain used and 
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follow-up is done by daily fresh l^ood examination. The blood is collected and the paiasites 
counted in a Neubauer's chamber. The acute phase of the infection is followed by a chronic stage 
in vftvLch parasites are reduced to suibmicroscopic level, then indirect laboratory methods are used, 
such as subinoculation, xenodiagnosis and serolo^cal techniques. The polymerase chain reacti n 
has been used as a conqplementaiy criterion for therapeutic activity in the chronic stage f 
experimental Cbagas disease. 

The following techniques are used to estaMish reliable criteria for cure in the mouse model of 
Chagas' disease: 

1. Fresh blood examination: a drop ofblood&om the mouse's tail is carefully examined in a 
Neubauer*s chamber daily or every other day 

2. Blood suhinoculation: mice are killed about 1 or 2 months after treatment and 0.4-0.6 ml 
of citrated Uood, collected from the severed axillary artery, was inoculated intraperitoneally into 
susceptible mice. From the 5th day of inoculation, fresh blood examinations were performed daily 
or every other day for a period of at least 6 weeks 

3. Blood culture: blood from treated animals was inoculated into Noeller's culture medium 
and culture was frequently examined for at least 30 days after inoculation 

4. Xenodiagnosis: 1 or 2 numths after treatment, mice are anesthetized and 4 triatomine 
nyn^hae are allowed to feed on them. After 45-50 days, the bugs are carefully examined for 
trypanosomes 

5. Histological ^camination: histological sections of the heart of treated animals "were 
stained with hematos^lin and eodn and carefully examined. 

6. Re>inoculation: some of the treated animals are reinoculated at different after treatment 
with about 4000 blood parasitic forms per gram of weight; daily counts of trypanosomes are 
performed so that a new acute phase of the disease might be detected 

Treated animals show 80-100% cures and prolonged survival associated with elimination or 
reduction in parasitemia compared to untreated control groiqis. The dififerences are statistically 
significant using the Wilcoxan rank test or other statisical methods known in the art. 

Anti-sense Oligonucleotides & PUPA, ITIM or ITAM Gene Knockout to Delctc/Inactivate 
IRIDAs and/or rriMs or ITAMS 

In a representative ex vivo protocol, using the TB, Leishmania and Trypanosomias models in mice 
as giverk above, antisense oligonucleotides 0.01-1 mg corresponding to the coding region of 
JRSDA mM are added to autologous T cells in tissue culture. The uptake or the oligonucleotides 
by the cells is confirmed using oligonucleotides labeled at the 5*end with fluorescein 
isothiocyanate (FTTC). To check for inactivation of the the inhibitory recqnor and ITIMs by the 
oligonucleotide Western blot quantitation is carried out on tiie lysed T cells. The IRIDA genes 
and their respective mM genes are downrpgulated by >95%i In a parallel experiments, T cell are 
deleted of the gene encoding the IRIDA genes artd their rei^KCtive ITIM genes by homologous 
recombination witii a mutant gene. The knockout T cells and the anti-sense treatedT cells are 
expanded in IL-2 for 24-72 hours, harvested and reinfused into mice with established tuberculosis, 
leishmaniasis or trypansomiasis. Optionally the T cells are exposed to LBIDAs for 24 hours 
before the adcfition of IL-2. The animals are sacrificed at the end of the e>^>eriments and assayed 
for residual disease as given in the above models of tumreculosis. Results are statistically 
assessed as given above and show that the adoptively transferred knockout T cells induce a >93% 
reduction in the tmmber of residual organisms. 

In a representative in vivo experiment, mice are inoculated with orgaiusms. The antisense 
phosphorothioate oligodeoxynudeotide corresponding to the codons for IRIDA genes and their 
respective ITIM genes and control anti-sense (the same base composition as the antisense witii the 
sequence jumbled) are used. A single dose of ITIM antisense or control antisense (1 n^p^O.I ml 
saline per mouse) or saline (0. 1 ml per mouse) is injected s.c. into the right flank of mice once the 
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disease is established as in the models given above. At each indicated time, the atiinmls fn>m the 
control and antisense-treated groups are killed and residual organisms assayed as g^ven in the 
above models. 

The uptake of mM antisense in the tissues is carried out by photoafitnity labelling f Uowed by 
immunoprecipitation of mM as follows: The tissues are homogenized with a Teflon/glass 
bomogenizer in ice-cold buffer 10 (Tris-HCI, pH 7.4, 20 mM; NaCl, 100 mM; NP-40, 1%; sodium 
deoxycholate, 0.5%; MgCl, 5 mM; pepstatin» 0.1 mM; antipain, 0.1 mM; chymostatin, 0.1 mM; 
iGipeptin, 0.2 mM; aprotinin, 0.4 mg ml; and soybean trypsin inhibitor, 0.5 mg ml; fUtered 
through a 0.45-pm pore size membrane), and centriftiged for 5 mm in an Eppendorf microfuge at 

0 

4 C. The supematants are used as tumour extracts. The amount of ITIM in organs is determined fay 
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photoaffinity labelling with 8*N3-[ P]cAMP followed fay immunoprecipitation with the ITIM 
antibodies. 

In a second representative in vivo experiment, IREDA/ITIM knockout mice are prepared by above 
methods. The are then inoculated with organisms as given in the above models. Ondaythree 
following injection, the mice are imnumized with 0. 1-lmg of LBIDAs alone or conju^ted to 
superantig^ns (Section 51 and 55) in CFA. If unconjugated LBID A is given, SEB (0.01-0.1 mg) 
is administered i.p. 2-3 times p^wedc for three weeks. S^sarate groups of mice are treated with 
LBIDAs or superantigens alone or with CFA or saline or without either NTLB or superantigen 
respectively. The mice at« sacrificed on day 21 and the number of residual organisrns assayed as 
given in the above moctels. 

Alternatively, the antisense oligonucleotides complementatry to the IRIDA ITIM coding 
sequences (O.Ol-lmg/mouse) are injected intravenously into mice with established disease as 
given above. LBIDA and siQKrantigen or conjugates thereof (Sections 51 and 55) are given on the 
same schedule as immediately above. Infectious burden is assayed at the end of ^q)eriments in 
both treated and untreated groiq)5 as given above. Results are evaluated statistically and show 
>95% reduction in infectious burden in treated animals compared to controls. 

Example 54 

Animal Tumor Models: Anti-Sense Oligonucleotides & Gene Knockout Mice and Cells Deleted 
of Inhibitorv Receptors for Lipid-Based Tumor Associated Antigens (IRTAA) and/or Inhibitory 

Receptors for Superantigens ORSAG) and/or their ITIMs and/or ITAMs 
Abbreviations : IRIDA=Inhibitory Receptor for Infectious £)isease Associated Antigens, 
LBIDA'Lipid-Based Infectious Disease Associated Antigens^ IRS AG=Inhibitory Receptor for 
Superantigens^ IRTAA~Inhifaitoiy Receptors for Lipid-based Tumor Associated Antigens, 
LBTAA'=Lipid-Based Tomor Associated Antigens 

In a representative ex vivo protocol, using the MCA 205/207 murine sarcoma model in C57BL/6 
as given in Examples 15-16, antisense oligonucleotide 0.01-1 mg corresponding to the coding 
region of IRTAA/IRSAG ITIM are added to autologous T cells in tissue culture. The uptake or 
the oligonucleotides by the cells is confirmed using oligonucleotides labeled at the 5*end with 
fluorescein isothiocyanate (FTTC). To chedc for inactivation of the the inhibitory receptor and 
mMs fay the oligonucleotide We^emblot quantitation is carried out on the lysed T cells. The 
IRIJ3T arid IRS A gienes arid their ieq)ective rriM geiies are do Ina 
parallel experiments, T cell are deleted of the gene encoding their IRLBT or IRS A genes and their 
respective rriM gjenes by homologous recombination with a mutant gene. The knockout T cdls 
and the anti-sense treated T cells are expanded in IU2 fcv 24-72 hours, harvested ai^ 
into C57BU6 mice with established imlmonaryinetastases as des^ 16. 
Optionally the T cells are exposed to lipid-based TAAs or superantigen or superantgen transfected 
tumor cells or st^)erantigen transCected tumor cell/dendritic cell fiision cells (Example 25 -26) for 
24 hours before the addition of IL-2. The animals are sacrificed 21 days later and the numb^ of 
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pulmonary metastases counted. Resultsarestatistically assessed as given in Examples 15-16 and 
show that the adoptively transferred knodcout T cells induce a >95% reduction in the number of 
pulmonary metastases. 

6 

In a representative in vivo experiment, MCA 205^07 tumor cdls (1.5 x 10 ) are inoculated s,c. 
into the left flank of C57/B1 mice. The antisense phosphorc^oate oligodeoxymicleotide 
corresponding to the codons for IRLBT and IRSA genes and their respective ITIM genes and 
control anti-sense (the same base composition as the antisense with the sequence jumbled^ are 
used A single dose of ITIM antisense or control antisense (1 mg per 0. 1 ml saline per mouse) or 
saline (0.1 ml per mouse) are injected s.c. into the right flank of mice when tumour size reached 
80-100 mg. 1 week after cell inoculation. Tumor volumes are obtained from daily measurement of 

the longest and shortest diameters and calculation by the formula, 4/30r where r = (length + 
width)/4. At each indicated time, two animals from the control and antisense-treated groups dxc 

killed, and tumours removed, weighed, immediately frozen in liquid N, and kept frozen at -80 C 
until used 

PhotoaSinity labelling followed by immunopredpitation of ITIM is carried out as follows: The 
tumors are homogenized with a Teflon/glass homogenizer in ice-cold buffer 10 (Tris-HCI, pH 7.4, 
20 mM; NaCI, 100 mM; NP-40, 1^^ sodium deojg^cholate, 0.5%; MgCl,, 5 mM; pepstatin, 0.1 
mM; antipain, 0.1 mM; chymoslatin, 0.1 mM; leupeptin, 0.2 mM; aprotinin, 0.4 mg ml; and 
soybean ttypsin inhibitor, O.S mg ml; filtered through a 0.45-pm pore size membrane), and 

centrifuged for 5 mm in an J^^pendorf microfuge at 4 C. The supematants are used as tumour 
extracts. 
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The amount of ITIM in tumours is determined by photoafiBnity labelling with 8-N3-[ P]cAMP 
followed by tmmonoprecipitation with the ITIM antibodies. 

In a representative in vivo e>q)eriment, IRTAA/TITM Knockout C57BU6 mice are prepared by 

above methods. The MCA 205/207 tumor cells (2-3x 10 ) are then injected intravenously to 
induce pulmonary metastases. On day three following injection, they are immunized with 0 J- 
1 mg of LBTAM alone or conjugated to superantigens (Section 51 and 55) in CF A, If 
unconjugated LBTAA is given, SEB (0.01-0.1 mg) is administered i.p. 2-3 times per week for 
three weeks. Separate groups of mice are treated with LBTAAs or superantigens alone or with 
CPA or saline or without either LBTAA or superantigen respectively. The mice are sacrificed on 
day 21 arul the nmriber of metastases in the lung are counted as given in Exartti^e 16. 

Altemativelyt the antisense oligomicleotides complementatry to the IRTAA or IRS AG or mM 
coding sequences (0.01-Img/mouse) are injected intravenoi^ into C57BL/6 mice with MCA 
205/207 tumors present subcutaneously ((at least 1mm in diameter) or with pulmonary metastases 

establishedhy injection of20x 10 tumor cells intravenously 3 days before. Lipid-basedTAA 
and superantigen or conjugates thereof (Sections 51 and 55) are given on the same schedule as 
immediately above. Turner size is ineasured weekly in both treated arid untreated groups. The 
munber of pulmonary metastases in the treated and untreated gixn]^ is detertnined as gK^ 
Exan^es 16and21. Results are evaluated statistically as given in Examples 16 and 21 and show 
>95% reduction in tumor size and pulmonary metastases in treated animals compared to controls. 

Example 55 

Reparation of Lioid-Based Tumor Associated Antigens (LBTAAs^ & Lipid-Based Infectious 
Disease Associated Antigens (LBIDAs) (^Bacterial, Funpal. Yeast Parasitic Mycobacterial 

Invertebrate and Protozoan Origin 

Isolation artd Characterization of Gtvoosphingolipids 
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The following are piocedares for obtaining purified glycosphingolipid antigens and lipid-based 
superantigen receptors (digalactosylceramides) from biological sources for use in treatment of 
cancer and infectious diseases. The major membrane bound glycosphinolipids useful for 
treatment of cancer include the alpha mono-, di- and tri- galaootsylceramides in mammalian cells , 
phytosphingosines present in yeast, vertebrate and plant cells as the well established array of 
tumor assodated membrane antigen e.g.,GD2neun)blastoniaasodated^ Italsoindudes 
ibQ vast array of glycosphingolipid anti gens associated with infectious diseases as given in Section 
54. 

The basis for extraction of glycosphingolipids from biological sources is their solubility in 
chloroform-methanol mixtures. Gangliosides (glycosphingolipids containing neuraminic acids) 
and glycosphingolipids with five or more caibohydrate residues are not only soluble in 
chloroform-methanol mixture bm alsa fetm SQOl^to agg^t^. that are soluble in water. 
Glycosphingolipids with one to four residues, form emui^ons in water whicii Ts %f 
Folch partition (chloroform-methanol (2: 1) with one-fifth volume of water or dilute KCl solution) 
in which gangliosides are partitioned into the upper water-methanol layer and neutral 
glycosphingolipids remain in the lower chloroform-methanol layer. Most glycosphingolipids are 
es^ extracted from tissue or other material with chloicform-methanol (2:1) but quantitative 
extraction of gangliosides requires more polar extraction mixmres siK:h as chloroform-methanol 
(1:1) or chloroform-methanol (1:2). Metal ions also affea the distribution of gangliosides in 
biphasic systems. Glycosphingolipids are separated from a total lipid extract by silicic acid 
colimm chromatography followed by thin-layer chromatography. Ion exchange cellulose (DEAE) 
column chromatography is used to separate acidic compounds, such as sulfatide and ganglio^des, 
from less acidic or noiqx)lar compounds. 

Extraction and Partition 

All solvents used in the following procedures are redistilled from glass to remove nonvolatile 
compounds. Chloroform is stabilized by the addition of methanol (after distillation) to a final 
concentration 0.25% (by volume). Chloroform-methanol and other mixed solvents are given as 
volume/Volume ratios. A weighed portion of the tissue to be extracted is vigorously homogenized 
with seven volumes of methanol (yr/v) in a blender or homogenizer Fourteen volumes of 
chloroform are added and the mixture homogenized again. The final solvent ratio is chloroform- 
methanol (2:1). The material is filtered with a Buchner funnel using an aspirator and a coarse- 
grade solvent-washed filter paper. The residue is leextracted with 10 volumes (based on weight of 
the original material) of chloroform-methanol (2:1). After filtration, the residue is extracted a third 
time with S volumes (v/v) of chloroform-methanol (1:1) or chloroform-methanol (1:2). The third 
extraction is only necessaiy for quantitative removal of gangliosides. The final combined extract is 
a^usted by addition of chloroform so that the final proportion is chloroform-methanol (2:1). A 
volume of 0.1 M KG equivalent to one-fifth that of the final solvent extract is added, mixed 
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vigorously, and allowed to stand at 4 overnight or until the l^ers are comi^ly separated If the 
volumes are small, the layers are separated by centrifiigation. The upper and lower layeis are 
washed three times with theoretical lower and upper phases, respectivdy, prepared by shaking a 
mixture of 1 volume of chloroform-m^hanol (2:1) and 0.2 volume of O.IM KCI in water and 
letting the phases separate. With large volumes of ocmitHned extracts, the solvents are evaporated 
in vacuo and the residue redissolved in a conveniem volume of chloroform-methanol (2:1) for the 
partition and washing steps described above. 

The combined lower phases (original and washes) are collected and reduced in vacuo to a small 
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volume with gentle warming (<50 ) on a rotary evaporator (fraction I). The combined jxppsr 
aqueous phases are dialyzed against cold tap water for 24 hours and then lyoi^lyzed (fra^ 
The lyophityzed material, usually containing some insoluble protein, is extracted with chloroform- 
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methanol-water (1 0:5: 1), filtered and reduced to a small volume on a lotaiy ev^rator. Fiacti n n 
gpnetally contains only gangliosides and be analyzed by thin-layer chromatography without 
further purification (see below). 

Silicic Acid CoJumn Chromatography 

The lipids from the chloroform-methanol layer (fraction I) are fractionated into neutral lipids, 
glycolipids, and pho^holipids on a cohmm of Unisil silicic add (Claikson Chemical Co., 
Williamsport, Pemisylvania). This procedure is useful for glycolipids containing from one to four 
glycosyl residues and for sul£itides.Inisil (20-40 g per gram oflipid) is activated at forseveral 
hours and is slurried with chloroform as quickly as possible after removal from the oven and 
poured into a column. The adsorbent is washed with about three bed volumes of chloroform or 
until it is translucent The column is not allowed to run dry. A 20 mg^ml solution of the sample is 
applied in chloroform. Neutral lipids are eluted with about five bed volumes of chloroform and 
then g}ycosphingolipids are eluted with 8 to 10 bed volumes of acetone-m^hanol (9:1). 
Phospholipids are eluted with 5 bed volumes of methanol. 

A different procedure has been used to isolate a particular glycolipid on a preparative scale, as in 
the purification of trihexosyl ceramide, gal (1<®4) gal (l<i>4) glc-ceramide, from a kidney of a 
patient with Fabry's cfisease (trihexosylceramidosis). A crude glycolipid and phospholipid mixture 
is obtained from fraction I by addition of 200 ml of ether and filtration of the resultant glycolipidr 
phospholipid precipitate at room temperature. The glycoliind mbcture (3 g in one experiment) is 
then subjected to rnild alkali-catalyzed inethattolysis. A silicic acid column (400 g) is preparedin 
chloroform-methanol (19:1), and the sample applied in chloroform-methanol (19:1). The column 
is eluted successively with 1500 ml each of 12%, 14%. 16%, 20%, 30%, and 50% methanol in 
chlorofoniL Fabry trihexosylceramide (1.5 g) is eluted as a pure compound in the 20% fraction. 
The 16% and 30% fractions also contain some (1 g) of the Fabry lipid mixed with other 
glycolipids. A similar mixture of glycolipids is fractionated on a silicic acid column using a 
continuous gradient from 5% to 50% methanol in chloroform. 

Mild Alkali-Catalvzed Mcthanolysis 

The glycolipid fraction from the silicic acid column is treated with mild base to remove 
contaminating phospholipids. This treatment does not af&ct glycolipids or gangliosides unless 
they contain an O-acyl group. The following quantities are used for 1 -10 mg of glycolipid fractioiL 
Add 1 ml of chloroform and 1 ml of 0.6 N NaOH in methanol to the dry fraction and allow the 
mixture to react at room temperature for 1 hour. Then add 1.2 ml of 0.5 N HCI in methanol, 1.7 ml 
of water, and 3.4 ml of chloroform, mix well, centrifuge, and remove the lower layer containing 
the glycolipids. Wash the lower layer three times with methanol:water (1:1) and then evaporate it 
to dryness in vacuo, if a gangilioside fraction is to be methanolyzed, the satriple is treated in the 
same way excqx that after neutralization with methanolic HCI the sample is dried in vacuo, 
emulsified in water and dialyzed against tap water at 4 for 24 hours. The nondialyzable material 
is tyc^diilyzed and applied to TLC plates as described bek> w. 

Thin-Laver Chromatograjjhy 

Glycosphingolipids are separated on thin-layer plates of silica gel G, H, or HR. The plates are 
prqpared and activated at 100 C for 2-4 hours. Plates of 0.25 mm thickness are used for general 
work and plates of 0.75 mm thidoiess are used for preparation of large quantities of material. 
Thin-layer tanks are lined with paper and equilibrated with solvent for 4 or more hours before use . 
Commmial pre-piq»red TLC {dates ((Quantum Industries, Fairfield, New Jersey, Brinkman 
Instruments Inc., Westbuiy, New Yoric, and Analtd^ Inc., ^dmington, Delaware) have been used 
successfully for qoalitative analysis of glycoqiihingplipids. Separation on these plates, however, is 
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not usually as great as on plates made in the laboratory and contaminants arc often obtained when 
silica gel is removed fiom pie-prepared plates and elated with solvents. 

A glycolipid mixture obtained from a column is sqjarated into van us components on a silica gel 
H plate (0.25 mm) using a chloroform-methanol-water (100:42:6) solvent system. Some 
hematoside, NANA(2®3)gal(l®4)glc-ceramide, (Fig. 1, lane A) is usually partitioned into the 
lower phase of a Folch wash and is separated from human or porcine globoside, galN Ac ( 1® 3 ) gal 
(l(g)4) gal (l(g>4) glc-ceramide in this system. Monohexosyl ceramide, g[c- and gal-ceramide, and 
dihexosyl ceramide, gal (1®4) glc-ceramide and gal-(l®4) gal-ceramide, often appear as two 
spotsbecauseof the presence of a-hydroxy fatty adds in the ceramide. Otherwise the two forms 
of monohexosyl and dihexosylceramide ate not separated on silica gel alone. Glucosyloeramide 
and galactosyloeramide, however, have been resolved on borate-impregnated thin*UQrer plates. 
Sul^de 

(galactosyloeramide sulfate) is not usually completely separated from dihexosylceramide, but 
these compounds can be completely sepwated by DE AE chromatography. Gangliosides larger 
than hematoside remain very near the origin in this system. 

Gangliosides and neutral glyco^shingolipids with more than four 

glycosyl residues are sqxtrated by more polar solvent systetm such as chloroform-methanol-water 
(60:45:10) or chloroform-methanoI-2s N NH40H (65:45:9). In the latter case, when gangliosides 
are involved, the plate is developed two times with thorough drying (4 hours at room temperature) 
between developments. Hematoside is well separated from globoside on silica gel G plates with 
this system. 

Glycosphingolipids are visualized with iodine vapor or by spraying with a 2% a-naphthol solution 
(in ethanol) followed by concentrated H2S04 spray and heating for 10 minutes at 100 . The a- 
naphthol spray gives d^ red-purple spots with carbohydrate-containing compoimds and brown 
spots with jAospholipids or neutral lipids. As little as 1-10 mg of material is visualized in this 
way. Gangliosides are specifically visualized by spraying with the following solution: mix 10 ml 
of 3% lesorcinol (stored in refrigerator) with 80 ml of concentrated HCl, 0.25 ml of 0. 1 M CuS04 
and enough water to make 100 ml of solution. The sprayed plate is placed horizontally in a closed 
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jar and heated in an oven at 125 for 20 mimites. Gangliosides appear as black or purple areas and 
other compounds appear as light brown areas. 

Preparative thin-layer chromatography is carried out by streaking the sample on a 0.75 mm thick 
plate and developing as outlined above. Only the edges of the streak are visualized with or a- 

naphthol and areas containing neutral glycoUpids are removed from the plate and the silica gel is 
eluted with chlorofonn-methanol-water (100:50: 10). Gangliosides are eluted from silica gel with 
more polar solvents such as chloroform-methanol-water (50: 50:15). 

DEAE Column CHiromatograpihy 

Water-soluble oligogjycosylceramides are sqsarated from garigliosides from fraction II by the 
following procedure. Diethylaminoethyl cellulose (DEAE) in the acetate form is washed and 
columns are pr^iared. The sample is applied in chloroform-methanol (7:3) and neutral glycolipids 
are eluted with 8 bed volumes each of chloroform-methanol (7:3) and (1:1). Gangliosides are 
retained on the column and are eluted with 10 bed volumes of chloroform-methanol (2:1) saturated 
with aqueous 58% NH4OH. 

Dihexc^lceramide and sulfatide isolated from a preparative TLC plate as descnbed earlier is 
sesjparaXJsd on a DEAE oohmm. The sample is applied in chloroform-methanol (9:1) and neutral 
dihexosylceramide is eluted with 10 bed volumes each of chloroform — methanol (9:1) and 
chloroform-methanol (7:3). The sul&tide is eluted with ddorofonn-methanol (4:1) made 10 mM 
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with respect to anunonium acetate, to which is aAied 20 ml of 28% aqueous ammonia per liter. 
Sulfate analysis of lipid fractions is carried out 

Florisfl Column Chipmatography 

An alternative method of isolation of glycosphingolipids is by FlorisU column chromatography of 
the peracetylated glyoolipids wherein all the glycophingolipids (except polysiatylg^ngliosides) are 
isolated in one fiacdon. Briefly, the procedure consists of peracetylation of the total lipid extract 
with pyridine-acetic anhydride (3:2) (1 ml per 50 mg of <iy total lipid). The pyridine and acetic 
anhydride are removed in vacuo with additions of toluene, and the products are applied to a 
Florisil column (40 g per gram of lipid), and neutral lipids and diolesterol are eluted with 
dichlotoethane (8 bed volumes). Peracetylated glycosphingotipids are eluted with 8 bed volumes 
of dichloroethane-acetone (1:1), and phospholipids are eluted with 5 bed voliunes of 
dichloroethane-methanol-water (2:8:1). Acetyl groups are removed from the glycolipids with 

0 

0.2S% sodium methoxide in dilon^orm-^nethanol (1:1) (1 ml per 25 mg of Uind) at 25 'for 30 
minutes. The mbcture is neutralized with acetic add, emulsified in water and dia^rzed overnight at 
40 The glyoolipid fraction, analyzed fay TLC, is free of contaminating fdtospholipids. 

Characterization of Glvcosphingolipids 

The first step in the characterization of glycosphingolipids is the complete cleavage of the lipid 
into its con^nent parts which is carried out by metlumolysis with 0.75 N methanolic HCl The 
products of methanotysis of a glyoosphingolipid are sphingolipid bases and their 0-methyl 
derivatives, fatty acid methyl esters, and methyl glycosides. These components are separated by 
solvent extractiott and analyzed by gas-liquid chromatography. 

Methanolvsis 

A solution of a glycosphingolipid (up to 1 mg), isolated from columns or thin-l^er 
chromatography plates, is evaporated to dryness in an 8-ml culture tube fitted with a Teflon-lined 
cap. Three milliliters of 0.75 N methanolic HCl (prepared by bubbling gaseous HCl into 
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methanol) is added to the sample, and the capped tube is heated at 80 for 12-20 hours. At the end 
of this period, 0.05-0.3 mmole of matmitol (in methanol) is added as an internal standard The 
sample is extracted three times with 1 ml hexane to remove £atty add methyl esters. The hexane 
solution of methyl esters is retained for GLC analysis. Approximately 100 mg of solid Ag^CO^ is 

added to each tube and carefully mixed until neutral. Methyl glycosides of amino sugars and 
neuramiiQrl methyl ester, and sphingosines- are N-acetylated fay addition of 1 ml of acetic 
ant^dride. The remaining Ag,C03 and AgGl act as catalyst for this icactioa The mixture is 
allowed to react for 6- 16 hours at room temperature, after which the sample is centriAiged and the 
predpitate is washed with methanol several times. About 0.25 ml of H^O is added to dscomposG 

excess acetic anhydride, and the samj^e is evaporated under a stream of nitrogen. If N-acetylation 
is not performed, the neutralized sample is centriiuged, washed, and evaporated to dryness und^ 
nitrogen. 

Trimetfavlsilylation and Gas-Lictuid Chromatograt^ of Methyl Glvoosides 
Dry samples of me^l glycosides are converted to trimethylsilyl (TMS) dmvatives fay addition of 
pyridinc-hcxamethyldisilazanMri-mcthyichlorosilane (8:2:1) (about 50 mM for 500 mg of lipid), 
lite mixture is allowed to stand for 15 minutes at room temperature and an aliquot is injected into 
the gas-liquid dm)matogr^. The mixed silane solution is doudy and is used without 
centrifugation, but exposure to water vapor is avoided. If v^ small amounts of sugars are preset, 
the samjde is evirated under nitrogen and redissolved in a convenient solvent such as pyridine 
orCS^. 
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An aliquot of the solution of TMS derivatives is injected into a gas-liquid chFomatogr^)hic 
column (2 m by 3 mm) of 3% SE-30 or OV-1 n Supelooport (80/100 mesh, Supelco Inc., 
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Bellefonte, Pennsylvania) at 160 with nitrogen carrier gas (25 ml/minute). Programming fiom 
1500 to 2500 at 30 per minute is useful when sialic acids are present A. chromatogram of a 
methanolyzed sample of globoside, galNAc(l®3)gal (1®4) gal (1®4) glc-cemmide shows three 
peaks for TMS methyl-D-g^lactoside (a, g, and b forms); two peaks for methyl-O-glucoside (a and 
b forms); and two nmjor peaks for m^Qrl*2-acetamido*2-<leoxy-D-galactoside. Other methods are 
useful for gas*iiquid chromatography of m^l glycosides are suitable for identification of 
giycolipids containing fiioose, glucose, galactose, galactosamine, glucosamine, and sialic acid 
Mannose exhibits peaks overlying with galactose and if these two sugars are present, the 
method employing alditol acetates is preferred 

The ratios of glucose and galactose are determined without conversion Actors by simply 
comparing the ratio of the total peak areas of each methyl glycoside. Since mai^r 
glycosphingolipids contain only one glucose, ratios are usually oqnessed in relation to glucose 
and for globoside the ratio of galactose to glucose is 2. The ratio of galactosamine to glucose 
calculated in this w^ is usually about 0.65 for globoside. Methanolysis, N-acetyMon, and 
trimethylsilylation is carried out to obtain reproducible ratios for hexosamines. The mass ratio 
obtained for N^oce^bieuraminic acid to glucose is usually 1.0 to 1.2, and these values should be 
compared with those obtained £rom known gangliosides treated in the same way. The absolute 
quantity of galactose and glucose are determined by comparison to the internal standard mannitol 
with the use of the following equatiott 

mmoles glucose = area of glucose peaks 
area of mannitol peak X 
1.25 X mmoles of mannitol added 
The mannitol peak falls between the second glucose peak and the first galactosamine peak and 
does not interfere with either compound The area of peaks is calculated by triangulation. 

Fatty Acids and Sphingosines 

Normal fatty adds and a-hydroxy fatty acids are determined qualitatively and quantitatively by 
gas-liquid chromatography of the fatty add metltyl esters obtained from the hexane extract of the 
methanolyzate. .Sphingoanes are determined fay hydrolysis of the glycolipid with aqueous HCl 
followed by N-acetylation and GLC of the TMS derivatives. A oolorimctric assayand a method 
involving GLC of alddxydes produced fay NaI04 deavage of sphingosine are also available. 

Enzvmatic Degradation of Glvoosphingolipids 

Specific glycosidases are used for sequence determination and arK}meric analysis of glycoli^Hds. 
Glyoosyl residues are released sequentially from globoside (cytolipin R reacts in the same way) by 
stqnvise treatment with the following gflycosidases; b-hexosaminidase ftom jack bean, a- 
galactosidase &om fig fidn, and b-galactosidase from jade bean. Reactions are carried out with 
100 mg of lipid in 0.1 ml of 0.7 M sodium dtrate buffer at pH 5, containing 100 mg of crude ox 

bile sodium taurocholate. After 18 hours al 37 .reaction mbctnres are fmzen and lyophilizedQ^ 
milliliter of chloroform-methanol (2: 1) is added and the mixture is sonicated for 5 minutes. After 
oentrifugation, the supernatant fraction is dried, taken up in a small amount of chloroform- 
methanol (2:1) and spotted on a silica gel HR plate. The plate is developed in chloroform- 
methanopwater (100:42:6) and viaialized with 12 vapors or a-naphthol spray. Products are 
ictentified by codiromatography with standards and by elution, methanolysis and GLC analysis. 
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Mass Soectrometrv of TMS GivcosphiiifioKpids 

Mass spectrometry of intact TMS derivatives of gtycolipids gives information about the sugar 
groups, the iatty add and the sphingosine portion of glycosphingolipids. Bis 
(trimethylsilyOtrifiuoroacetamide (100 ml) and pyridine (50 ml) are added to 20-200 mg of the 

0 

purified glycosphingolipid in a small capped vial and heated at 60 for about 30 minutes. An 
aliquot containing 10-20 mg of the TMS gjycolipid is evaporated to dryness und^ nitrogen in a 
mass spectrom^ direct probe tube. The samples are volatilized in the mass spectrometer ion 

0 0 

source at temperatures ranging fiom 10 to 180 d^nding on the size of the oligosaccharide unit 

The following information can be obtained by comparison of the resulting mass spectra with those 
of reference samples: (1) whether the terminal residue is a hexose or hexosamine; (2) the number 
of and nature of -Nnacetylneuraminic add groups (i.e., terminal or branched); (3) whether N^acetyl 
and/or N-glyoolylneuraminate is present; (4) information r^arding the number of giycosyi 
residues present and the fatty add and sphingosine compositioit Because of the the inability to 
distinguish between hexoses, this technique in conjunction with other techniques, such as 
permeth^ation analyses^ and studies with specific glycosidases. 

Qzonotvsis of Glycosphingolipids 

The carbohydrate portion .of glycosphingolipids is cleaved from the lipid portion . The glucose- 
sphingosine linkage is broken but Uiere is no hydrolysis of other glycosidic linkages, including 
those of sialic acid residues. The glycolipid (100 mg) is ozonized in 50 ml of m^hanol at room 
temperature. Ozone consumption is monitored by bubbling the effluent gas through a Kl-starch 
solution which bladcens when excess ozone is present The solution is dried in vacuo and the 

0 

conqxnmd is hydrolyzed with 10 ml of 0.2 M Na^CO^, for 12 hours at 20 . Sodium ion is 

removed by stirring with Dowex 50 (H+) and the resin is filtered. After a Folch partition, the 
upper aqueous phase is lyophilized and the resultant oligosaccharides (about 80% yield) are stored 
in a desiccator. The procedure is changed for microscale operation (1 mg of lipid). 

Permethyiation of Glycosphingolip ids 

Permethylatioit hydrolysis, and gas-liquid chromatography of glycosphingolipids is used to 
determine link^e of giycosyi residues. Permethyiation is carried out using methyl sulfinyl 
carbanion. Sodium hydride (0.S8 g of 57% in oil) is washed six times under nitrogen with dry 
hexane, drained thoroughly, and stirred with dimethyl sulfoxide (10 ml) under a stream of nitrogen 

0 

at 70 for 3 hours or until bubbling ceases and the solution turns a dark clear greea Any dark 
predpitate is removed at this point fay centrifugation. The caibanion solution (about 0.5 ml) is 
added under a stream of nitrogen to tlte gjyoolipid sample in 0. 5 ml of dimethyl sulfoxide, and the 
mixture is sonicated briefty. After standing at room temperature for 2-6 hours, 1.5 ml of CH3I is 
aUed dropwi se under nitrogen, and the mixture is allowed to react for 1 hour. After this step, it i s 
not necessary to ke^ the reaction dry. The pemieth^ated gtycolipids are extracted into 
chloroform, the chloroform layer is washed once with 1% Na2S303 to remove I^, and four times 

with water. The ddorofbrm fraction is mixed with absolute ethanol and is evaporated imder 

0 

nitrogen. Two milliliters of 1 K H2S04 is added, and after heating at 105 for 12 hours the 
hydrolyzate is noitralized with BaCO^ diluted, and filtered on Celite and filter paper, washing the 

(ilite twice with water (5 ml). The sample is concentrated to 5 ml and percolated onto a smaD 
Dowex 50 H+ column. Neutral sugars are ehited with water and methanol-water (1:3) (10 ml 
each) and amino sugars are eluted with 0. 3 N NH40H. The resulting partially methylated sugars 
are reduced with NaBH4, the products are acelylated and gas-liquid chromatogr^y is carried 
out 
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Partial Hvdrolv ri« <vf filveftsPhingolipids . . ,. .^_„«,„;e 

The presence of N-acetylneuraminic acid or N-glycolylneunummc acid in a gangUoade «mpte is 
determined mild acid hydrolysis of the neuraminic acid foUowedby TLC o'G|-OanjJf "IJ^ 
AT-acylneuiaminic adds are released fiom gangUosides (0.1-0.2 mg) with Iml of 0.05 A/ HCl 
(aqueous HCl) at So" fi)r 1 hour. The sohition is extracted with chloroform and the aijueous phase 
is percolated through about 2 g of Dowex 1 (acetate form) in a small column. The column is 
washed with 8 ml of water, and the neuraminic adds are duted with 10 ml of 1 M formic aad. 
The sample is analyzed on siUca gd C plates using n-propanol-water-conoentrated ammonia 
(6-2- 1) The i?/of N^acelylneuraminic add is 0.41 and that of N-glycolybieuraniinic acid is 0 28. 
This sample is also be derivatized with bis (trunethylsilyl) trifloroacetamide and analyzed by 

Neuraminic adds are usually analyzed by GLC as thdr TMS-methyl keloside methyl ester 
derivatives. A ganglioside sample (0.1 mg) or mixture of glycolipids is mrthanolyzed with 2 ml of 
0 05 M methanoUc HCl (1 partl2 N HCl and 240 parts methanol) at 80 for 1 hour. The coded 
solution is extracted three times with 3 ml hexane and the methanoUc layer is evaporated to 
dryness under nitrogen. Pyridine-hexamethyldisilazane-trimethylddorosilane (8:4:2) (50 ml) is 
added and the IMS derivatives are analyzed on a 3%OV-l column (2 m X 2 mm) at 205 . The 
sul&te moiety of sulfiitide (up to 2 mg) is rdeased by reaction with 2 ml of 0.05 N neOmohc 
HCl for 4 hours at room temperature. The reaction mixture is neutralized with aqueous NaOH and 
the glycolipid product is extracted by Folch partition with 4 ml of chloroform. The diloroform 
l^er is washed with 2 ml of methanol-water (1 : 1) and is analyzed by TLC. 

The carbohydrate sequence of glycosphingoUpids is determined by partial degradation under mild 
addic condiUons. The glycolipid (1 mg) is hydrolyzed with 1 ml of 0.3 N HCl in chloroform- 
methand (2: 1) at &) for various times up to 2 hours. After Folch partition (with addition of 0.2 
volume of water) the lower phase is dried in vacuo and the upper phase is deionized with 
AmberUte CG-4B resin (OH form). The gjyoolipids (fiom lower phase) are pirified by TLC and 
analyzed by GLC after complete Mrolysis. The upper phase is analyzed for sugars (and 
polysaccharides) by GLC. Trihexosyl ceramide. gal(l®4)gal (l®4)glc ceramide, hydrolyzed for 2 
hours in this way did not yidd ceramide but yidded cerdaoside containing only gjuoose, and a 
dihexosyl ceramide containing glucose and galactose in a 1:1 molar ratio. The water-sohible 
ftaction contained galactose and a disaccharide but no glucose. These data iwovide evidence for a 
linear arrangement of the hexose units as given above. 

Characterization of the oligosaccharide moieties of glyooUpids 1^ partial degradation is also teen 
carried out by treatment of glycoUpids with 0.1 N aqueous HCl for 30 mmutes to 3 hours, and 
treatment of gangUosides with 0.01 N H SO^ at 85** for 1 hour and 0.1 N H SO^ at 100 for 1 hour." 

Mixed Moleo 'lar S pecies of GIvcosphineoBiBds 

The purification and characterization of glycosphingoUpids is compUcated by the fact that 
naturally occurring glycoqjhingoUpids which are homogeneous in the carbohydrate portion are 
heterogeneous in tiie sphingosine and fet^r acid portions. Complete Iqrdrolysis and subsequent 
analyses of the fatty adds and long-chain bases provide information about Uie extent of tins 
heterogeneity. Additional heterogeneity results when there are glyeosphingoKpids witii identical 
composition but which differ in g^cosidic Unkage and/or anomeric configuration of one 
or more glycoddic bonds. Such mixtures ptdjaMy cannot be separated by TLC alone. Whether or 
not products which are homogeneous by TLC actually contain such mixtures can only be 
determined with tedmiques sudi as pwmetlqrlation and sequential enzymatic degradation. 
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Extraction of Inositolphosphorvlceramides (InsPCers)of Funpi and Yeast 
Extraction of InsPCers from Saccharomyces cerevmae and from the mycelial phase of 
Neurospora crassa is as follows: Cells uniformly labeled with [ H]inositol arc used to gauge the 
extraction eJGBciency of a variety of procedures. Treat the cells with 5% trichloroacetic add at 
0**C to destroy phospholipases, known to be activated by organic solvents during lijnd extraction, 
followed by extraction with a slightly alkaline, warm, wat»-rich mixture of ^hanol-diethylether- 
water-pyridine. This method approached 100% extraction of the labeled inositol; Some water- 
poor solvents completely &iled to extract the InsPCers. The adopted procedure has been used for 
InsPCer extraction from other fungi such as Histoplasma capsulatum and froni fiesh tobacco 
leaves and has been used for the extraction of lipophosphoglycan from Leishmania donovani. In 
the absence of labeling of InsPCer components, efficacy of InsPCer extraction could be judged by 
monitoring total long-chain base and/or veiy-long-chain &tty adds. 

Purification of InsPCers 

Purification of INsPCers is no different fiom any very polar, addic lipid. First, InsPCers 
predpitate almost quantitatively at low temperature after ac^usting to pH 5 the initial lipid extracts 
fiom S. cerevisiae^K capsulatum, K crassa, and tobacco leaves. Second, mild alkaline 
methanolysis is used to destroy the ester-containing lipids in crude or semipurified extracts; 
however, stronger alkaline conditions should be avoided owing to the lability of unsubstituted 
inositol attached by a phosphodiester bond. Finally, liquid chromatography on silica gel columns 
is used for isolating InsPCers; low levds of salt in the eluting solvents are required to 
chromatograph macroscopic quantities of the veiy polar InsPCers. A solvent polar enough to 
dissolve a practical amount of the very polar InsPCers yidds insufficient retention. Inclusion of 
salt increases the retention presumabty by providing a charged sur&ce for the negatively charged 
InsPCers. In contrast, the salt had little influence on the retention of neutral lipids. 

Extraction and Purification of Galactosvlceramides 
Cell culture 

Human kidney cells (PT cells) are prepared as described previously (Chatteree et al.. Proa Natl 
Acad, Set, (1983)). Human cadaver kidn^rs (post mortem < 12 hr) are used for the isolation of PT 
cells. Glucosylceramide was prepared from the spleen of a Gaucher*s patient. 
Digalactosyklceramide is prepared fiom the kidney of a Fabry's patient. Other GSLs are 
purchased fix>m Sigma. Normal rat kidney cells were purchased fiom the American Tissue Culture 

Collection (Rocfcville, MD). Cells (x 10 ) are seeded in 24 well trays and grown for 6 days in 
medium containing 10% fe^ calf senitn ^ydone, UT). 

lipid Extraction and Fractionation of GSL from Human Kidnev 

Total lipids are extracted fiom fiieeze^iried cultured FT ceils or human kidney cortex or both by 

0 

vigorous homogeiuzation and extraction with hot (50 Q chloroformrm^hanol 2:1 (vA") lOml/mg 
protetit The lipid extracts are filtered on a silvered disc tuiuiel and the non-tipd residue is 
extracted fiirther with hot chloroform-methanol 1:2 (vAr) containing 5% H20. lipid extraction is 

0 

pursued at 50 C for 30 mm with constant stirring. The lipid extract is filtered on a sintered glass 
fimnd and the residue is extracted fiirther, first with hot chlorofbrm:methanol:water 1:2, 5%) and 
th^ with m^hanoL The Itpd extracts aro pooled and dried by flash evaporation. Water-soluUe 
contaminants are removed from the lipid extracts. 

Isolation and Purification of GSL 

The lower phase lipid fraction obtained following Folch partitioning of human kidney total lipids 
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is fractionated into neutral lipid, GSL and phospholipids by silicic acid chromatography as 
described previously (Chatterjee et aL, 1982). The acetone:methanol fraction containing GSL is 
subjected to alkaline methanolysis, neutralized and dried under a nitrogen atmosphere. The dried 
residues are sohihilized in cMoioform:methanol 2:1 Mv) and subjected to HPTIX on Silica gel 
HPTLC plates with chloroform:methanol:water (65:25:4, v/v) as the developing solvent. The 
individual GSLs are identified with aniline diphcrrylamine (OPA) reagait or iodine v^urs. The 
chromatogram is calibrated with authentic GSL standards of known structure. The total GSL 
fraction was precipitated with edier arid subjected to mild alkali-catalysed methanolysis. dialyzed 
agaiiist water and separated by silicic acid chromatography. The silicic acid column is equilibrated 
with chloroform:methanol (19:1) and a sample suspeiided in the same soWent is ^lied on the 
column bed. The column is eluted successively with 12. 14, 16, 20, 30 and 50% methanol in 
chloraform, and the frfactions are dried in a nitrogen atmoi^ihere. Hie various fractions are 
analysed for the composition of GSLs, Several of the fractions obtained when the column is eluted 
with 14% methanol in chloroform contained digalactosylceramide. Such preparations of 
digalactosylcerannide ardurther characterized by high-p^ormance liquid chromatography 
(HFIX::) and are utilized for binding to SEB. 

Quantitation of GSL 

GSLs are quantified by HPLC, after perbenzoylation. An aliquot of perbenzoylated GSL sample 
is suspended in hexane and subjected to HPLC on a Spherisort) Si-5 column with detection at 230 
nm. The amount of GSL is calculated by using a standard curve for the respective GSLs. 

Characterization of (jalactosvlceramides 

Acid hydrolysis of GSLs arecarried out followed by TLC of sugars on aluminium-backed silica 
gel 60 (without indicator) HPTLC plates with the use of 2-propanoH % sodium borate (3:1, vA^) 
as the developing solvent The sugars are localized by spraying the plate with 10% H2S04 in 50% 
ethanol and heating at 150 C for 10 min in an incubator. Anomeric linkage of the purified GSL 
receptor is determined using b-galactosidase, a-galactosidase and b-glucosidase An aliquot of the 
purified GSL receptor is incubated with or without b-galactosidase, b-galactosidase and b- 

lucosidase in 0.05 M citrate buffer (pH 5.4) containing taurodeoxycholate for 18 h at 37 C. The 
reaction is terminated with chloroform:methanol (2:1 vlv) and the lower chloroform layer is 
subjected to HPTLC. The plate is (teveloped with aniline DPA reagent 

GC-MSof GSL 

Suitable aliquots of the putative SEB receptor are subjected to acid-catalysed methanolysis 
(Essehnan et at., 1972). The methyl sugars, methyl &tty acicte and methyl ^hingosines are 
purified by solvent extraction as described above. They were dried in a nitrogen atmo^l^ and 
derrvatized by employing trimethylchlorosilane reagent The derivatized samples (fyttty add 
methyl esters) suspended in hexane were injected into a Varian-3400 gas chromatograph (DB-wax 
c^Hllary column, 30 m; J and W Compsassy, California) that is attached to a mass spectrometer 
rn>-850, Finnigan Ion Trap d^ector Helhun is used as a carrier g^. Temperature programming 

from 160 C to 250 C at 1 C/min is employed to separate the various &tty add methyl esters^ The 

TMSi sugars are separated on a DB-5 column using temperature programming from 160 C to 

0 0 

250 Cat 1 C/min. Data analyas of TMSi sugars is iwsued by the use of a Compaq deskpro-2S62 
computer. Suitable aliquots of the GSL are subjected to microscale permethylatiort The gas 
chxomatograpl^ column (DB-5 capillary ooluma. 0.25 mm x 30 m) is calibrated with authentic 
standards of imxtutes of partially metb^lated alditol ac^tes (Biocaib. Chenucals, Sw^len). 

Temperature programming is from 160 C to 250 C at 1 C/min and fix>m 250 C to 350 C at 

2 C/min. 

Example 56 

Transfection of Thtnidine Kinase Gene into Activated Immunocvtes 
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In order that the imitmnocytes with deleted or inactivated inhibitory receptors do not undergo 
unlimited proliferation in vivo it is necessary to provide a method for eliminating these cells after 
they have performed their tomoricidai function in vivo. To achieve this efifect, a retrovirus^ 
mediated transfer of a gene encoding a ^prodrug', a reag^ that confers sensitivity to cell killing 
following sd»equent administration of a suitable drug, is used Thymidine kinase (Wigler M et 
al.. Cell 11: 223 (1977); Colbere-GarapinF et al., Proc. Natl. Acad ScL, 76: 3755 (1979)) is 
encoded by the cellular, HSV, or vaccinia virus tk gqnes and the HSV-tk gpne is used as a prodrug 
gene. The HSV-tk gene is transfected into iimnunocytes by methods given in Exan^e 1. The 
HSV-tk confers sensitivity to the drug gancyclovir by phos^ihoiylating it within the cell to form 
gancydovir monophoi^hate which is subsequently converted by cellular kinases to gancyclovir 
triphosphate. This compound inhitetsDNA polymerase aixl causes cell death. The immunocytes 
are administered to the host Unoi^x)sed proliferation of immmiocytes cells deleted of IRTLAs, 
IRSAs, IRIDLAs in response to tumor associated lipid-based antigw may lead to immunocyte 
excess. Therefore, after the immunocytes have performed their tumor killing in vivo, gancyclovir 
is administered in conv^Oional pharmacologic doses which induces apoptosis of HSV-tk 
transfected immunocytes. 

Example 57 

Methods of Preparation of Anti-idiotvpe Antibodies 

The methods given below are descibed in Sdiidc, \fR et al.. Methods in Enzymology 178:36-48 
(1989) and Kussie, PH et al.. Methods in Emymology 178: 49-63 (1989). The immunization 
protocol depends on the species firom which the Ab I was derived and the host animal to be 
ifnfw^Tni7^ l^cally^mice and rabbits are used to produce anti-Id To produce Ab2 in a 
syngeneic animal (e.g., the Abl is a mouse MAb and a mouse of the same strain is to be 
imnmnized), an Abl KLH (keyhole lin^t hemocyanin) conjugate as an alum precipitate is used 
to increase the iromunogenici^ of the antibodty. Four to eight biweekly injections of 50 ug of an 
Ig: KLH preparation results in maximum Ab2 titers when the mice are immunized 
intr^ritoneally. When using an Abl preparation from a different species (e.g., hmnan) to 
immunize mice, the antibody is not coupled to BCLH but instead an alum precipitate of the Abl is 
used. The time between injections remains the same. Regardless of the Abl used, serum is taken 
7-14 days following each injectioa For Ab2 production in rabbits, the KLH coupling is omitted 
and the antibody is mixed in Freund's complete adjuvant (CFA; Difco Laboratories, Detroit, MI). 
Rabbits are immunized intramuscularly wiUi between 200 ug and 2 mg of Abl per injection. 
Additional immunizations are in Freund's incomplete adjuvant and are spaced approximately 1 
month apart Serum is taken 1 4-30 days following each immunization. Rabbits have received up to 
a total of nine immunizations before an anti-Id of the desired spedficity and titer is obtained. 

The disadvantage of a heterologous immunization protocol where the Abl and Ab2 are obtained 
from different species is that antibodies are produced that recognize isotypic and allo^c 
specificities^ along with anti-Id. In the instance where a monoclonal Ab2 is desired, the initial 
screening process can select the anti-Id versus the anti-isotype- and/or 
-allotype-secreting clones of bybridoma cells. An anti-isotype response recognizes an irrelevant Ig 
preparation from the same species and the Ab 1 , whereas the anti-Id recognizes only the Ab 1 and 
iiot the irrdevant Ig prqsaratioTL An antiaUotype te^nse recognizes both a preimmune I^ 
preparation obtained from the Abl source prior to irmnunization with the antigen and the Abl 
preparation, while the anti-Id will recognize only the Abl preparation but not the preimmime Ig. 
Based on the distinction between an antiallotype versus anti -Id in the initial screening and 
diaiacterization process, it is advantageous to obtain antibodies from the Abl source, preferably 
the donor, prior to immunization. 

If one is not generating a monoclonal anti -Id but rather a polyclonal anti -Id and the Ab I is from a 
different ^)ecies, then tl^ antiserum must be adsorbed to remove anti-isotypic and antiallotypic 
specificities and render the antiserum anti-Id specific. Each iminunoadsorbent is prqsared by 
oovalently cou{ding nonimmune Ig at a concentration of 3-4 mg/ml of antibody per 1 ml of Q^r- 
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activated Sepharose 4B or Affi-Gel 10. Antisera containing anti-Id as well as antibodies to iso- 
and allotypic determinants is repeatedly adsorbed on the immunosoibenls until all detectable 
reactivity against nonidiotypic determinants is removed. 

KLH Coupling and Al^i m Precipitation 

Adsorption of immunoglobulins to alum particles, resulting in aggregation, increases the 
preparations and is tolerated very well in mice even after multiple injections. 
Purified antibodies to be coupled to a carrier protein, such as KLH, are diluted to 5 mg/ml in 
borate-bufiered saline (BBS), pH 8.2, and cooled to 4^ The antibodies are then mixed with a 
10,000: 1 molar ratio of 1 -cthyl-3-(3-dimethylaminoiTOpyl )caibodiimide (EDAC; Sigma 
Chemical Co., St. Louis, MO) to Ig. The sqDOiation of Ig: Ig conjugates from Ig: KLH does not 
enhance the ability of this prqiaration to induce an Ab2 response.) The mixture is allowed to stir at 
4° for 30 sec, KLH is added to the Ig-EDAC mixture and stirred for 2 hr at 25 and then overnight 
at 4** A molar ratio of 50: 1 Ig to KLH is used. The Ig: KLH conjugate is dialyzed against BPS 
overnight at 4*^ and then adsorbed to alumina Briefly, 10% aluminum potassium sulfate (wAr) is 
dissolved in 5 mM PBS dAosphate-buffered saline), pH 6.2, resulting in a 5.7 mg/ml alumina/nd 
solution. Eight milligrams of alumina is added slowly to 1 mg of protein. The pH is adjusted to 
6.8-7.3 with 1 N NaOH. The mixture is allowed to stir for 2 hr at 25** and is then centrifoged at 
1300 g for 10 mm. The supernatant is examined for unadsorbed protein at 280 nm. The pellet^is 
washed three times in 0.85% NaCl and then resuspended to 500 ug/ml in BBS and stored at 4 
with 0.01% thimerosal (Sigma). 

Ab2 Detection and Characterization 

Other types of determinants expressed on antibodies which have immunogenic capabilities are 
isotypic and allotypic as well as idiotypic specificities. When immunizing disparate species, it is 
necessary to take into account the anti-isotype and antiallotype antibodies which will be produced 
These antibodies are removed when present, by exhaustively adsorbing anti-Id-conlaining sera 
with normal immunoglobulin covalently coupled to Sepharose. These steps are taken only when 
using larger animal species to produce Ab2. When immunizing mice with Abl from another 
species, we do not adsorb the sera; instead, the mice are used to produce monoclonal anti-Id. The 
reactivity against nonspecific Ig is determined as well as specificity for the Abl. If desired, the 
mouse sera can be adsorbed to examine the anti-Id response prior to fiisiort 

Ab2 can be detected in a direct binding sandwich ELISA. Wells of an ELISA plate arc coated with 
100-500 ng of Abl . Serum or bybridoma supernatant is then allowed to react with the adsorbed 
Abl for 1 hr at 37®. Because anulxxly molecules are bimodal and flexible, it is possible to add 
labeled Ab 1 as a detecting antibody. The Ab2 can then bind to the solid-[diase Abl with one arm 
while the other arm is available for binding labeled Abl. This method is the least sensitive for 
<tetecting an anti-Id refuse. Alternatively, if the Abl and Ab2 are from different species, an anti- 
isotype reagent can also be used to detect Ab2 binding. As previously mentioned, care should be 
taken to distingniish anti-isotype and antiallotype activity from anti-Id activity. 

If the Abl preparation is a murine Igm, we can utilize an indirect ELISA whereby anti-Id binding 
to the 1 gM Ab 1 present on the solid phase is detected by a goat anti-mouse IgG Fc-HRP 
(horseradish peioxic^) or biotiny lated reagent (Kirkega^ and Perry Laboratories, 
Gaithersburg, MD). These assays demonstrate more sensitivity in detecting an anti-Id re^xmse 
conqsared with the direct binding sandwich ELISA. For murine IgG Abl prqarations. papain or 
pepsin digestions can be performed to produce Fab and/or Fab fragments that are devoid of the Fc 
regioa The Fab- or FaV"<lerived Abl can be adsorbed to the solid phase, aiKla^^ 
be detected similarly by utilizing a goat anti-mouse IgQ Fc second antilxKiy rea^nt 

When the Abl and Ab2 are from different spedes and the appropriate adsorptions have b^ 
performed on polyclonal Ab2-oontaining antisera to render it anti-Id specific, assays utilizing a 
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second antibody teagent, such as a goat anti-rabbit IgG, are useful for d^ecting a raUnt anti-Id 
binding to the Abl. 



ApoIyclonalAb2 may contain multiple Ab2^)eci£unties. It is also possible that the quantity as 

as the specificity of the Ab2 popilations produced may change with multiple immunizations . 
Thus, samples are tested especially prior to pooling sera finm different samplings ind<-vidual 
animals. Only methods for detennining Ab2a> Ab2p, and Ab2Y are discussed here. 

Abip and Ab2Y share the ability to bind to the antigen combining site of the Ab 1 . This feature can 
be detected using an inhibition assay. If purified antigen recognized by the Abl is available, it can 
be used as a solid-phase cc^t in an ELISA. For tumor antigens, 1- 200 ng of purified antigen (Ag) 
is added to each well and allowed tobindfor 18 hr at 4** in 10 mM caibonate buffer. pH 9.6. 
Other antigens will, of course, differ in their landing requirements, and optimum conditions for 
«3£h^tenre«ilKdcttmiii^ SmorliQ^ritenasiiq^^ 

an attenqstloMAAtlte^inAis^^ toiA^ Ag coat Inhibition of A^-AgBiii^g cah be 
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Although BALB/c mice are aumist always used for nyb« 
hybrids which m^ offer an expanded major histoccmp. 
immunoglobulin gene-controlled ''^rruno rcpei. ^ir . Fx h 
SJL/J, CBA/J, and NZB mating : n jsrovide this inciei. 

Hybridomas derived from Fi hyands can be fed in vitro usi. ^ 

conditioned media; growth c^fsuch hybridomas as ascites tumoi requires Fi pristane^ia^ nrice. 
In some instances inbred Hrains of mice may not offer the necess^ immune repertoire for a 
particular ligand, and we have turned to the use of interspecies h\ . idomas using Armenian 
hamsters (Ardago Farms, Brenham. TX). For the most part, the , niunization protocols are 
identical to those used for mice. Such inter^jccies hybridomas caiv -i be easily grown as ascites 
tumors.. 

The immunization procedures are carried out as follows: Animals are immunized with 50-100 ug 
of ligand-conjugated hcmocyanin or albumin emulsified in Fr^md's complete adjuvant; each leg 
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is injected with 25 ul for a total volume of 100 uL The Ribi Adjuvant system (Ribi Immunochem 
Research, Hamilton, MT), which utilizes a mixture of monophosphoryl lipid A and trehalose 
dimycolate as a substitute for Freund's complete ac^uvant is also useful. In most instances some 
killed Bordetella pertitssis organisms are adJed (IGr) as an additional adjuvant for B cells. Booster 
immunizations of 50-100 ug immunogen (2-4 sidxnitaneous or intramuscular sites) are given 4-5 
weeks later, and the first test bleeds are taken 7-10 days later. Seropositive animals are allowed to 
'rest** for 20-40 d2rys prior to use for hybridoma production. The prefusion antigen boosters, which 
are given 4 days prior to the harvest of spleens for hyforidomas, have traditionally been given 
intraperitoneally or intravenously ; we have noted that much of the antigen does not reach the 
desired tissue site, namely, the spleen, and therefore prefer the intrasplenic injection procedure. 

The procedure for intrasplenic injections requires only a few minutes. Animals are anesdietized 
under a **nose-cone*' with Metafene brand of methoxj^Burane (Pitman Moore, Washington 
Crossing, NJ), and a small incision on the left-hand side of the peritoneum is made using sterile 
scissors. The ^leen is gently lifted out using small forceps, and the soluble immunog^ (25-50 
ug) in 100 ul volume of saline is injected using a 1-mi tuberculin syringe and a 26-gauge needle; 
the spleen is returned to the peritoneal vault, and two surgical clips are used to close the wound. 
The animals recover within a few minutes with no apparent ill affects. This procedure provides a 
direct bolus of antigen to the splenic immunocytes and, in most instances, produces more 
hybridomas than other booster procedures. Immunogen is also adsorbed on nitrocellulose, and 
subsequent injection of homogenized fragments of this material acts as a carrier for the 
intrasplenic retention of immunogen. 

Affinity purification of the SEE C-terminal region-specific Abs 

The method for obtaining purified antibodies to the dominant epitope in SEE reactive with 
circulating immunoglobulings is given below (Nishi, JI et aL, J. Immunol. 158:247-254 (1997)). 
However, the same principles would apply to the dominant immunizing q)itopes of all the other 
superantigens. To obtain Abs recognizing this assumed epitope region, SEE C-terminal region- 
specific IgG from iv. IgG is purified by means of affinity chromatography on CNBr-activated 
Sepharose 4B coupled with the recombinant fusion protein C. The bound IgG is eluted and 
dialyzed, and the reactivities of this IgG with the recomWnant fusion proteins examined by 
inununoblotting. Purified IgG recognizes only fusion protein C. This finding showed that this 
purified IgG mainly recognizes the assumed dominant epitope regjoa The SEE is similar to the 
superantigen SECI and SPEA, and not to TSST-1. SEA, and SEE. Since the SEE C-terminal 
region, including that of the assumed epitope region, has homology with those of SECI and SPEA, 
the reactivity of each superantigen with the SEE C-terminal region-specific Ab by means of an 
ELISA is examined The Ab recognized SEE and cross-reacted with SECI. It rarely reacted with 
SPEA, and never with TSST-L SEA, and SEE. 

Affinity adsori^on of specific Abs against the full-length SEE and the mutant A 225-234 pretein 
is carried out as follows: Pooled IgO (10 mg) is adsorbed by mixing with the CNEr-activated 
Sepharose 4E coupled with the full-length SEE pn^ein (5 mg) or the mutant A 225-234 protein (5 
mg) for 1 hat room temperature. Each adsorbed IgG is removed by centrifiigation and used for 
^phocyte proliferation assay^ 

Additional Documents IrKX)rporated bv Reference 

This application incorporates by reference the following patents and currently pending patent 
applications that disclose inventions of die present inventor alone or with co-inventors. 

1. Patent application W091/US342, *Tumor Killing Effects of Enterotoxins and Related 
Compounds" filed 17 January 1991, and published as WO 91/10680 on 25 July 1991. 

2. USSN 07/891,718 "Tumor Killing Effects of Enterotoxins and Related Compounds^" 
filed 01 June 1992. 

3. U.S. 5,728,388, "Methodof Cancer Treatment," issuedMarch 17, 1998. 

4. USSN 08/491,746, "Metiiod of Cancer Treatment," filed 19 June 1995. 
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